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INTRODUCTION 


The rate of evaporation from a free water surface or from a moist 
porous surface is usually considered the best single-valued expression 
of the intensity of the weather factors influencing transpiration. Such 
a relationship is, however, subject to the uncertainty arising from the 
marked differences in the energy-absorbing and energy-dissipating 
properties of the transpiring and evaporating surfaces. It is evident 
that the transpiring and evaporating surfaces must be in agreement in 
this respect if the departure of transpiration from evaporation during the 
day is to be taken as evidence of a change in the transpiration coefficient, 
resulting from stomatal control or other reversible changes within the 
plant body. 

Fluctuations in transpiration from day to day appear to be reflected 
with approximately the same degree of fidelity by a number of widely 
different forms of evaporating surfaces, provided precautions are taken 
to maintain the uniformity of these surfaces throughout the period of 
observation. When the hourly transpiration rate is under consideration, 
however, the individuality of the evaporating surface to which the 
transpiration is referred can not be ignored. It is this phase of the 
question that forms the subject of the present paper. 


APPARATUS AND METHODS 


ATMOMETERS.—Four types of porous-cup atmometers as designed by 
Livingston (1915), including white cylinders, brown cylinders, white 
spheres, and white Bellani plates, were employed in the measurements 
(Pl. 4). 
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Each type was represented by four atmometers ' which were weighed 
independently at two-hour intervals throughout the day. The atmome- 
ters were mounted on 500-c. c. bottles closed with rubber stoppers con- 
taining a small air vent, and were freely exposed in racks about 1 meter 
above the ground. Distilled water was employed in all the measure- 
ments. All the atmometers used were new, and each cup was inverted 
and flushed with water for several hours before it was set up. The 
cups were set up for 36 hours before the detailed measurements were 
begun. 

EVAPORATION TANKS.—Two evaporation tanks of widely different 
types were also employed in the measurements, one containing a layer 
of water approximately'1 cm. in depth, while the depth of the water in 
the other was about 50 cm. 

The shallow tank, which was 91 cm. in diameter and 2.5 cm. high, 
was supported on a wooden disk 4 cm. in thickness and mounted about 
1 meter above the ground on an automatic scale. The tank was black- 
ened inside. The depth of water was automatically maintained at about 
1 cm. by means of a Mariotte apparatus mounted on the scale platform ? 
(Pl. 5). The automatic scale was sufficiently sensitive to record the loss 
of a layer of water 10 » (0.01 mm.) in thickness. 

The deep evaporation tank, which was 192 cm. in diameter and 60 
cm. in depth, was sunk in the ground to within 10cm. of the top. This 
tank was equipped with a continuously recording gauge of the float 
type reading to 0.1 mm. ; 

FILTER-PAPER EVAPORIMETER.—An evaporimeter of special design, in 
which the evaporating surface was a saturated filter paper (12.5 cm. in 
diameter) was also employed in the measurements (Pl. 6). The filter 
paper was supported on a light flat brass disk, with a rim 1 mm. in 
height. The paper was kept saturated by means of a Mariotte apparatus 
connected with a tubulure on the lower side of the disk. This arrange- 
ment avoids the drying out of the filter paper, which is sometimes 
encountered in the Piche evaporimeter, due to the failure of the instru- 
ment to feed properly. The evaporation was determined by weighing 
the whole apparatus at two-hour intervals. 





1 The identification numbers and the coefficients of the atmometers used in the comparisons were as fol- 
lows: 














4-41 
4-59 














? This equipment is the same as that used by the writers in connection with earlier transpiration meas- 
urements (Briggs and Shantz, 1915, 1916). 
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‘TRANSPIRATION MEASUREMENTS.—The transpiration measurements 
were made on automatic scales of the type previously described (Briggs 
and Shantz, 1915). Grimm alfalfa (Medicago sativa L..) was employed in 
the measurements. The plants were growing in the large sealed pots 
used in the writers’ water-requirement measurements, and had been 
carried over from the preceding year. The plants were fully exposed to 
the sun and were coming into bloom during the measurements, the second 
cutting of the season being made at the close of the experiments. The 
green weights of the: crops and the total plant surface ' were as follows: 





Pot No. | Green weight. —_ phat 
Gm. Sq. cm. 
oo 258 15, 700 
303 287 17,400 

















SUBSIDIARY MEASUREMENTS.—In addition to the above measure- 
ments, the solar-radiation intensity, air temperature, wet-bulb depres- 
sion, and wind velocity were recorded simultaneously by means of 
automatic instruments which have already been described (Briggs and 
Shantz, 1916). 

REDUCTION OF DATA.—The data for the white cylinder, brown cyl- 
inder, and white-sphere atmometers have been corrected by means of 
the coefficients supplied with the instruments. No corrective factor has 
been applied to the Bellani plates. The data for the filter-paper evapo- 
rimeter have been reduced to an area of 100 sq. cm. and the data for 
shallow evaporation tank to an area of 1 square meter. 


EXPERIMENTAL RESULTS 


The measurements were made at Akron, Colo., in July, 1916, during 
a period of hot, dry weather. The data representing the hourly evapora- 
tion rate from the various surfaces, the transpiration rate, and the 
weather conditions are given in Table I. Each atmometer determination 
is the mean of four independent measurements. The transpiration is 
represented by the mean of two pots measured independently. The 
data are presented graphically in figure 1. 

The hourly transpiration is 74 om at the top of the figure, followed 
by the evaporation from the diferent types of atmometers and from 
the free water surfaces. It will be noted that the different atmometers, 
although varying widely in form (PI. 4), give graphs which are similar 
in their characteristics. This is brought out more clearly in figure 2, 
in which the ratio of the transpiration rate to the evaporation rate for 
each of the various types of atmometers is plotted hour by hour. 





1 The determinations of plant surface are based upon the measurement of the green weight and total 
surface of a representative plant. 
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Fic. 1.—Graphs showing the hourly transpiration rate of alfalfa, the hourly evaporation rate from different 
surfaces, and the weather conditions during a three-day period at Akron, Colo. ‘The heavy lines (with 
points marked by circles) represent the observed data. e light lines (with points marked by dots) 
represent the transpiration rate, with the scale of ordinates so chosen that the area under the 
tion graph is equal to the area under the accompanying evaporation graph. 
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The transpiration graph has also been superimposed on each of the 
evaporation graphs in figure 1, choosing the scale of ordinates in each 
instance so that the total area under the transpiration graph for the three 
days is equal to the area under the evaporation graph. This affords a 
graphical comparison of the fidelity with which the transpiration is 
reflected in the hourly evaporation rate from the different instruments. 
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Fic. 2.—Ratio of the transpiration rate to the evaporation rate for each of the various types of porous- 
cup atmometers, plotted hour by hour. 
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MEAN HOURLY DEPARTURE OF EVAPORATION AND TRANSPIRATION 


A quantitative expression of the relative value of the several instru- 
ments in predicting the hourly transpiration may be obtained by deter- 
mining the average departure of the evaporation graph from the trans- 
piration graph, the mean departures being expressed in percentage of 
the mean hourly evaporation in each instance. The calculation has been 
based both on the total period covered in the measurements and on the 
three daylight periods from 6 a. m. to 6 p. m. These computations are 
presented in Table II. The error involved in predicting the transpira- 
tion rate from the evaporation measurements is indicated by the fig- 
ures in the last column of the table. 


TaBLe II.—Average hourly departure of evaporation rate from transpiration rate in per- 
centage of the mean evaporation rate for various types of atmometers and for free water 
surfaces 


| Day peri- 
| Type of atmometer. ods, 6a, m, 


to 6 p. m. 





Per cent. 
White cylinder 38 
Brown cylinder 29 
White sphere 31 
Bellani plate 30 
Filter-paper evaporimeter................. 22 
Shallow tank 12 
DOOD CAINE: . Sieh iis ile vevee cided vvteseet 93 
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The deep tank gives little indication of the hourly transpiration rate, 
since the average departure in this case amounts to about go per cent 
of the mean evaporation rate. In other words, the evaporation from 
the deep tank at different hours of the day is not proportional to the 
transpiration of the plant. 

The average hourly departure in the case of the white cylinders amounts 
to about 50 per cent of the mean hourly transpiration. In other words, 
the average error in predicting the amount of transpiration at each hour 
in the day from the evaporation when the ratio of daily transpiration 
of the plant to the daily evaporation of the atmometer is known would 
amount to one-half the mean hourly value of the transpiration. When 
the brown cylinder, Bellani plate, or white sphere is used, this error is 
reduced to about 40 per cent. In the case of filter-paper evaporimeter 
the error is reduced to about 30 per cent. The best results were obtained 
with the shallow, blackened tank, the error being less than 20 per cent. 

Since the night values of transpiration and evaporation are low and the 
greater part of the evaporation and transpiration occurs during the day- 
light hours, the writers have also computed the mean departure of each 
of the different instruments on the basis of the daylight hours only. 
The departures, with the exception of the deep tank, are, in this case, 
about two-thirds of those for the total period. The evaporation rate of 
the shallow, blackened tank during the daylight hours again follows the 
transpiration graph more closely than that of any of the other instru- 
ments, the mean departure being only about two-fifths that observed in 
the case of the atmometers. The filter-paper evaporimeter also shows 
a lower mean departure than the atmometers. Of the latter instruments, 
the brown cylinder, white sphere, and Bellani plate are practically identi- 
cal and show a departure of about 30 per cent, while the white cylinder 
shows a somewhat greater mean departure. The similarity of the results 
from the three first-named types is remarkable when the difference in 
form and color are considered. 

The evaporation from the deep tank shows practically no correlation 
with the transpiration when the hourly values are considered. Attention 
has already been called to this discrepancy, which results from the storage 
of heat energy in the great mass of water during the day and its slow dis- 
sipation through evaporation during the night. The maximum in the 
evaporation graph from the deep tank occurs in the late afternoon or 
early evening. 

The fact that an evaporating surface shows a low correlation with the 
hourly transpiration does not necessarily imply a correspondingly low 
correlation on a daily basis. This is demonstrated in the case of the deep 
tank, which showed in 1914 (a dry year) a correlation with transpiration 
of 0.63+0.01 (Briggs and Shantz, 1916a), while the correlation of the 
shallow tank for the same period was 0.72+0.01. The evaporation from 
the deep tank probably represents approximately the distribution of the 
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loss of water from a large body of water, heat energy being stored in both 
systems during theday. ‘The transpiration graph of alfalfa may be as- 
sumed to represent approximately the distribution of the hourly loss 
of water from any actively growing vegetative cover. The hourly loss 
from large bodies of water thus appears to be more nearly uniform 
throughout the 24-hour period, while the loss from land areas covered 
with vegetation is confined almost wholly to the daylight hours and 
largely to the midday period. 


INFLUENCE OF WIND VELOCITY AND SOLAR-RADIATION INTENSITY ON 
EVAPORATION 


It is of interest to consider the departure of the various evaporation 
graphs from the transpiration graph in relation to the intensity of the 
several climatic factors. It will be noted that all the atmometer graphs 
showed a relatively low evaporation from 10 a. m. to 4 p. m. on July 20 
compared with either the transpiration or the shallow-tank evaporation. 
The explanation of this may be found in the wind velocity, which is 
relatively low during this period, being less than 2 meters per second 
(4 miles per hour). The relatively high evaporation from the atmom- 
eters from 2 to 6 p. m. on the following day (July 21) is also ex- 
plainable on the basis of the high wind velocity during this period. 
The maximum evaporation from the atmometers on the third day also 
coincides with the period of maximum wind velocity. It is evident, 
therefore, that the evapotation from the atmometers is affected to a 
much greater degree by variations in wind velocity than either the trans- 
piration or the evaporation from the shallow tank. 

On the other hand, the atmometers are less sensitive to changes in 
solar radiation than either the plant or the shallow tank, as is shown 
by the afternoon readings on July 22. Both the transpiration graph and 
the shallow-tank evaporation graph show maxima at 11 a. m. and 3 p. m. 
on this date, due to a temporarily clouded sky from 12 noon to 2 p. m. 
The radiation on July 22 was also deficient from 7.45 a. m. to 11 a. m. 
due to the passing of cumulus clouds. This reduced the transpiration 
and shallow-tank evaporation and brought the transpiration graph 
more nearly into conformity with the atmometer graphs during this 
period. 

ATMOMETER CALIBRATION AND OBSERVATION ERRORS 


Since four instruments of each type were used in the atmometer 
readings, it is possible from the results to determine the calibration 
error and the probable error of a single observation for each individual 
atmometer. To each determination was applied the calibration cor- 
rection which accompanied the instrument (see footnote, p. 278). 
The ratio of the individual observation of each instrument to the mean 
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of the four instruments was then taken. Since each of the instruments 
had been calibrated, the departure of the mean of this series of ratios 
from unity represents the error in the calibration coefficient. These 
departures, which are given in the third column of Table III, show 
errors ranging from +4 to —2 per cent for the white spheres, from +3 
to —4 per cent for white cylinders, and from +2 to —2 per cent for the 
brown cylinders. 


TaBLE III.—Calibration error and probable error of single observation for individual 
atmometers 





Probable 
error of 

single ob- 

"| servation. 





White cylinder: 


» An Ww uons 














The probable error of a single observation of each of the instruments 
has also been computed for each instrument. The results are given in 
the last column of the table. These errors, which do not include the 
errors in the coefficient, amount to from 2 to 4 per cent. It is possible 
from these data to obtain an expression of the degree of reliance to be 
placed upon individual observations. Determinations with a single 
atmometer at 2-hour intervals during the day thus appear to be subject 
to a probable error of about 5 per cent,' if the weighings are accurate 
to o.1 gm. This probable error refers only to calibration uncertainties 
and to so-called “accidental” errors, as exemplified by the variation 
of the individuals in a group of atmometers of the same type. It does 
not include, for example, errors arising from the possible failure of the 
whole group of atmometers to respond freely to changes in their environ- 
ment. 





1 Based upon the square root of the sum of the squares of the mean values of the calibration error and 
of the observation errors, taken without regard to sign. 
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RATIO OF TRANSPIRATION TO EVAPORATION 


The ratio of the transpiration rate to the evaporation rate from an 
atmometer should give a straight line when plotted hour by hour if the 
two systems respond alike to changes in environment. The experi- 
mental graph is, however, periodic in form, exhibiting a marked mini- 
mum during the night hours. 

Fluctuations in the hourly transpiration-evaporation ratio as repre- 
sented in such a graph have been interpreted (Livingston, 1906, 1913; 
Livingston and Hawkins, 1915; Edith Shreve, 1914 and 1915; Forrest 
Shreve, 1914; Burns, 1915) as representing departures in the transpira- 
tion rate of the plant from that which would prevail if the plant responded 
freely to its environment. This point of view implies the assumption 
that an atmometer responds perfectly to its environment; in other words, 
that the evaporation rate from the atmometer affords a perfect summa- 
tion of the environmental conditions determining evaporation from a 
plant surface. A departure in transpiration from that indicated by this 
summation would then, according to this viewpoint, be taken as evidence 
of a change in the transpiration coefficient resulting from stomatal control 
or from other reversible changes within the plant body. 

The correctness of the assumption relative to the perfect response of 
the porous atmometers must be questioned when the hourly evaporation 
rate from the atmometer is compared with that from the shallow tank. 
During the night, for example, the evaporation from the atmometers is 
relatively much higher than from the free water surface. If the at- 
mometer is accepted as responding freely to its environment, then the 
free water surface, even under conditions of low evaporation, can not be 
considered as a free evaporating system. 

‘The same question as to the free response of the porous atmometers to 
their environment arises when the relative transpiring power, as expressed 
by the transpiration-evaporation ratio, is compared with the ‘index of 
transpiring power” as measured by the cobalt-paper method. Living- 
ston (1913, p. 24) has in fact found in comparing the hourly graphs 
obtained by the two methods that the— 
relative transpiration ratio as determined either by the brown or white atmometer 
presents a much flatter graph than that indicated by the hygrometer index of trans- 
piring power: 

It is evident, therefore, that one of these instruments must fail to 
respond freely to the intensity of the environment. 

The ratio of the transpiration rate of Medicago sativa to the evaporation 
rate of each of the different types of atmometers is presented graphically 
in figure 2. The graphs are markedly similar in form when the wide 
differences in the porous atmometers are considered. The changes from 
hour to hour in any one graph are, with few exceptions, reflected in all 
the others, and such differences as exist are, in most cases, comparable 
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with the probable error. In other words, the relative evaporation rate 
through a 24-hour period is practically the same whether the porous 
evaporating surface is in the form of a closed vertical cylinder, a sphere, 
or a flat horizontal plate. The brown cylinder, owing to its higher 
evaporation rate during the daylight hours, reduces the ordinates of the 
ratio graph; but otherwise this graph is also similar in form to those 
obtained with the white porous surfaces. When the transpiration of the 
plant is referred to the evaporation from a free water surface in a shallow 
blackened tank, a different form of transpiration-evaporation graph is 
obtained, which shows less daily fluctuation than when the transpiration 
is referred to the porous atmometers. 
Ay 20/9/6 SUY 21, 19/6 SULY 22/9/65 
6 (2 6 /@ 6 2 6 12 6 2th 6 /@ 
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o 


Fic. 3.—Graphs showing the t irati poration ratio: A, The ratio of the hourly transpiration to 
the hourly mean evaporation from the atmometers. B, Graph A with ordinates plotted logarithmically. 
C, The ratio of the hourly transpiration to the hourly evaporation from the shallow tank, with ordinates 
plotted logarithmically. D, Graphs B (heavy line) and C (light line) superimposed. 





These two types of graphs are compared in figure 3. The first graph 
(A) of the figure represents the ratio of the transpiration rate to the mean 
evaporation rate of the four types of atmometers (16 instruments in all). 
This is the form in which the transpiration-evaporation graph is usually 
presented. It is however preferable, in the opinion of the writers, to 
plot the logarithms of the ratios, as this avoids the distortion of the 
graph, especially when ratios on both sides of unity are being consid- 
ered. In the second graph (B) in figure 3, the transpiration-evaporation 
ratio, as given in the first graph, is plotted logarithmically. The third 
graph (C) represents the transpiration-evaporation ratio when the evapo- 
ration from the shallow tank is used as a basis of reference, and is also 
plotted logarithmically. At the bottom of figure 3 the last two graphs (B 
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and C) are superimposed. It will be noted that the fluctuation in the 
ratio throughout the 24-hour period, as well as the mean hourly de- 
parture, is decidedly less when the transpiration is referred to the evapo- 
ration from the shallow, blackened tank. In other words, the transpira- 
tion of Medicago sativa follows the evaporation from the shallow, 
blackened tank more closely than that from the porous atmometers. 

It is evident, however, that an evaporating system has not yet been 
secured that responds to its environment in the same way as the plant. 
Both the atmometer and the tank depart widely from the plant during 
the night under the conditions prevailing in the Great Plains. Refer- 
ence to the logarithmic graphs will show that the transpiration-evapora- 
tion ratio when referred to the evaporation from the shallow, blackened 
tank is practically constant from 8 a. ni. to 4 p. m., the period during 
which the plants are transpiring most rapidly. In Medicago sativa, at 
least, there is no evidence of a change in the transpiration coefficient dur- 
ing this period. The higher ratio obtained in the early morning and late 
afternoon hours is perhaps explainable by the difference in exposure of 
the plants and the free water surface. The isolated plants are exposed 
to the normal rays of the sun practically throughout the day while the 
tank receives only the vertical component of radiation. Where vege- 
tation is massed under field conditions, the plants likewise are exposed 
for the most part only to the vertical component of radiation. 

The transpiration measurements in these experiments are confined to 
Medicago sativa, and it is possible that the transpiration rate of other 
plants under the same conditions would have given transpiration graphs 
differing in form from those obtained. Earlier measurements (Briggs 
and Shantz, 1916, p. 638) have shown, however, that in the case of rye 
and amaranthus, the hourly transpiration rate is correlated with the 
evaporation rate from the shallow tank to a degree comparable with the 
corresponding correlation in the case of alfalfa. Thus, for rye and ama- 
ranthus correlations of 0.89+0.03 and 0.95+0.01, respectively, were 
obtained, while alfalfa at different periods during the same year showed 
a correlation of 0.89+0.01 and 0.93+0.01. An equally good eorrespond- 
ence would therefore be expected, at least in the case of amaranthus, 
between the hourly transpiration rate and the hourly evaporation rate 
from the shallow tank. 

The writers are not, however, urging the merits of the shallow, black- 
ened tank as a means of determining changes in the transpiration coeffi- 
cient of a plant during the day. The point which it is desired to em- 
phasize is that departures between the hourly transpiration rate and the 
hourly evaporation rate from any physical system can not be attributed 
to changes in the transpiration coefficient without first having determined 
that under less intensive conditions the two systems give graphs which 
are in accord. 
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THE ATMOMETER AS A MEANS OF MEASURING SOLAR-RADIATION 
INTENSITY 


The simultaneous measurement in the above determinations of the 
intensity of solar radiation and the evaporation rate from brown and 
white atmometers affords an opportunity of testing the atmometer as a 
means of measuring radiation intensity. The radio-atmometer, in which 
the evaporating surface is darkened so as to absorb as much of the 
incident radiation as possible, was developed by Livingston (1915, p. 147) 
primarily for— 
measuring the effectiveness of solar radiation as an accelerator of evaporation. It 
has not been shown to be available for measuring solar radiation asa whole, though 
its readings no doubt approximate such measurements to a greater or smaller degree. 
However, if the increase in evaporation of the radio-atmometer over the 
white atmometer affords a correct measure of the effect of the intensity 
of ‘‘solar radiation as an accelerator of evaporation’’ independently of 
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Ic, 4.—A comparison of the hourly radiation with the hourly differences in the evaporation rate from 
a brown cylindrical radio-atmometer and a white atmometer of the same form. 


any peculiarities of the instrument itself, then, conversely, the excess 
evaporation of the radio-atmometer over the corresponding white type 
should afford a measure of the intensity of the incident radiation. It is 
from this latter standpoint that the data are presented. The radio- 
atmometers employed were of the brown cylindrical type' mounted 
with the cylinders vertical, and in this position do not present a uniform 
surface area to the march of the sun during the day, as Livingston has 
already pointed out. Furthermore, the radio-atmometers did not absorb 
all the incident radiation, the surfaces being brown in color instead of 
dead black; but, since the coefficient of absorption of a surface does not 
vary with the amount of energy received, this factor is not of importance 
in this connection. 

The hourly excess of the evaporation from the radio-atmometer over 
that of the corresponding white cylinders is plotted in figure 4 for the 





1 The new spherical radio-atmometers recently developed by Livingston were not available at the time 
these measurements were made. 
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three days during which detailed measurements were made. This hourly 
excess represents the difference in the hourly values for the brown and 
white cylinders, as summarized in Table I, which in each instance are 
based upon the mean of four radio-atmometer observations and the mean 
of four white-cylinder observations. For comparison, there is also 
plotted in figure 4 the radiation received on a surface normal to the sun’s 
rays, as measured by a differential telethermograph calibrated by means 
of an Abbot pyrheliometer. The integrated radiation—that is, the area 
inclosed by the graph—for each of the three days investigated, expressed 
as a percentage of the mean of the three, is as follows: 114, 94, 93. The 
corresponding excess evaporation of the cylindrical radio-atmometers 
over the white cylinders for the corresponding three days, expressed 
also as a percentage of the mean, is 113, 101, 85. 

It is of interest to consider in this connection the energy represented 
by the radiation falling on the cylinder compared with the energy 
dissipated in the water evaporated. If we consider the mean of all the 
11 a.m. to 1 p. m. values for the three days, the mean incident radiation 
on the radio-atmometer computed from a formula developed by the writers 
(Briggs and Shantz, 1916a, p. 186) is approximately 1,100 gram-calories 
per hour, while the average hourly differential evaporation at 11 a. m. and 
1 p. mis 1.5 gms., corresponding to the dissipation of 800 gram-calories 
per hour. The energy dissipated in the water evaporated thus repre- 
sents about three-fourths of the total incident energy. The brown 
cylinder is not a perfect absorbing surface, so that the incident energy 
would be expected to exceed that dissipated in evaporation, as was 
found to be the case. It may be possible with the improved spherical 
atmometers to develop a definite relationship between the incident 
radiation and the excess evaporation from the black surface, in which 
event black and white spherical atmometers, when employed together, 
may be used to measure the intensity of radiation. Black and white 
- Bellani plates may perhaps be used also to measure the vertical com- 


ponent of radiation. 
SUMMARY 


This paper deals with a comparison of the hourly transpiration rate 
of alfalfa with the hourly evaporation rates from various types of porous- 
cup atmometers, a filter-paper evaporimeter, a blackened, shallow tank, 
and a deep tank. 

The comparison between the transpiration rate and the evaporation 
rate was made by superimposing the hourly transpiration graph on each 
of the hourly evaporation graphs, choosing the scale of ordinates of the 
transpiration graph so that the total area under the transpiration graph 
was equal to the total area under the evaporation graph. The average 
hourly departure of each of the evaporation graphs from the superimposed 
transpiration graph expressed in percentage of the mean transpiration 
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for the day was then determined. For the shallow tank the mean 
hourly departure for the 24-hour period was 17 per cent; for the filter- 
paper evaporimeter 31 per cent; for the brown cylinder, white sphere, 
and Bellani plate about 40 per cent; for the white cylinder about 50 per 
cent; and for the deep tank about 90 per cent of the mean hourly 
transpiration. The corresponding departures for the daylight hours 
from 6 a. m. to 6 p. m. were as follows: For the shallow tank, 12 per 
cent; filter-paper evaporimeter, 22 per cent; brown cylinder, white 
sphere, and Bellani plate atmometers, about 30 per cent; white cylinder 
atmometer, 38 per cent; and the deep tank, 93 per cent. 

Since the hourly evaporation graphs of the various evaporation systems 
employed differ widely in form, it does not seem justifiable to attribute 
the discrepancy between the observed hourly transpiration and that 
calculated from the evaporation rate of any particular system to a 
change-in the transpiration coefficient of the plant during the day, unless 
it can be shown that under less extreme conditions the transpiration rate 
is in accord with the evaporation rate. The plant may not be responding 
freely to its environment, but a departure in its relative transpiration 
rate from the evaporation rate of an arbitrarily chosen physical system 
does not necessarily establish this fact. A close correspondence does not 
appear to exist between the hourly transpiration rate of normal alfalfa 
plants and the hourly evaporation rate of any of the systems employed 
in this investigation. The best agreement in this instance was obtained 
with the shallow, blackened evaporation tank. 

The departure of the hourly evaporation rate of the porous-cup 
atmometer from the hourly transpiration rate of alfalfa is due largely (1) 
to the marked increase in the evaporation over transpiration during the 
night hours; (2) to the marked response of the atmometers to changes 
in wind velocity, which were not accompanied by corresponding changes 
in the transpiration rate; and (3) to the lack of a proportionate response 
on the part of the atmometers to changes in solar radiation. 

It should be emphasized in this connection that the failure of an 
evaporating surface to show a high correlation with the hourly transpira- 
tion rate does not necessarily imply a correspondingly low correlation 
on the daily basis. This is strikingly illustrated by the hourly evapora- 
tion rate from the deep tank, which, in these experiments, shows practi- 
cally no correlation with the hourly transpiration rate, but which on a 
daily basis was found in 1914 to be correlated with the daily transpira- 
tion rate to the extent of 0.63+0.01. 
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PLATE 4 


Types of porous-cup atmometers used in evaporation measurements: 
A.—White cylinder. 
B.—White sphere. 
C.—White Bellani plate. 


D.—Brown cylinder. 
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PLATE 5 


Special filter-paper evaporimeter used by the writers, equipped with Mariotte con- 
trol (a) for the purpose of maintaining a constant water level in the filter-paper con- 


tainer (0). 





PLATE 6 


A.—Shallow, blackened evaporation tank mounted on automatic balance. The 
reservoir is shown above in the back. The tank has an area of 6,540 sq. cm., and the 
water is maintained at a depth of approximately 1 cm. 

B.—Deep evaporation tank as used at Akron, Colo. This tank is 6 feet in diameter 
and 2 feet in depth, and is buried in the ground to within 4 inches of the top. The 


water level is kept at 44:1 inches from the top of the tank. The well of the recording 
gauge (not shown in the figure) is connected with the tank by a buried pipe. The 
well for the micrometer gauge may be seen (covered) on the right side of the tank. 
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INFLUENCE OF CROP, SEASON, AND WATER ON THE 
BACTERIAL ACTIVITIES OF THE SOIL 


By J. E. GREAVES, RoBERT Stewart, and C. T. Hirst, of the Departments of Bacteri- 
ology and Chemistry, Utah Agricultural Experiment Station 


INTRODUCTION 


It is of the utmost importance that the quality and quantity of plant 
food rendered available during the season nicely balance that required 
by the growing plant, for then we have maximum yield with minimum 
loss of soil fertility. Most of the changes which take place in the soil 
constituents are wrought by microorganisms, which bring about the 
transformation through which nitrogen passes in the soil—that is to 
say, the transformation from its inert form in the atmosphere to a form 
available to the growing plant. Furthermore, they play an essential 
part in the cycles through which hydrogen, sulphur, and carbon pass. 
Bacteria bring about the mineralization of calcium, iron, phosphorus, 
and many other inorganic constituents of the plant and animal residues 
in the soil. Moreover, many of these substances are changed from the 
insoluble to the soluble form and thus are made available to the growing 
plant by bacterial activity. At times bacteria have an opposite effect 
and render many of these substances insoluble, thus preventing in a degree 
their loss to the growing plant. Or at times they may even compete 
with the higher plant for the limited supply of nutrient in the soil. 

The speed with which these transformations take place within a soil 
is governed, amongst other factors, by the season of the year, the crop 
growing upon the soil, and the water which that soil receives. These 
investigations were undertaken, therefore, with the hope of throwing 
definite light upon the magnitude of these influences and, furthermore, 
to correlate the results obtained by the various methods, one with the 
other, and these in turn with the crop-producing powers of the soil. 
For these reasons in this work a direct determination was made of 
the nitric-nitrogen content of the soil as soon as it was taken from the 
field while other portions of the same samples were used for the deter- 
mination of the ammonifying and nitrifying powers of the soil. Counts 
were also made of the number of bacteria developing from the soil on 
synthetic agar. 

A careful review of literature dealing with this phase of the subject 
has been made, and there is given below a résumé of the most important. 
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HISTORICAL REVIEW 
INFLUENCE OF MOISTURE 


Long before the process of nitrification was known to be due to micro- 
organisms, the underlying principles governing the speed of the reaction 
had been investigated nationally by France, Germany, and Sweden. 
Among other things, they had learned that there must be a certain 
proportion of water, and, in order that the maximum yield of nitrates 
be obtained, that this must be diminished as the soil becomes richer in 
nitrates. As early as 1887 Dehérain (9) found that the most active 
nitrification took place when the soil was allowed to become partially 
dry between, the applications of water, and later (12) he found that 
-there was a relationship between the speed of nitrification and the moist- 
ure content of fallow soil, the nitrification increasing ‘with the water. 
Boussingault (63) taught that, when soils contain as much as 60 per 
cent of water, they lose in a few weeks the greater part of their nitrates. 
This teaching gave rise to the general belief that dentrification may take 
place to a great extent in soils, but recent work has amply demonstrated 
that it is only under extremely abnormal conditions that this becomes 
an important factor. For this reason literature bearing on this phase 
of the subject is not considered here. 

Dehérain and Demoussy (14) found that the bacterial action of a soil 
was at its maximum when a rich soil contained 17 per cent of water, but 
that it decreased if the proportion of water fell to 10 per cent or rose to 
25 per cent. With soils less rich in humus a somewhat higher propor- 
tion of water was necessary to retard oxidation to any marked degree. 

The optimum moisture content for nitrification, according to Dehérain 
(13), is 25 per cent. An insufficient supply of moisture checked both 
nitrification and nitrogen fixation. Thisoccurred when the water.had been 
reduced to 16.5 per cent. This, however, would vary with the soil, for 
Schloesing (50) found bacterial activity less in fine-grained soils than in 
lighter, coarse-grained soils. In order that nitrification be equally active 
in both light and heavy soils, the latter must have a higher percentage 
of water than the former, a difference in moisture content of soil of 1 per 
cent, according to Dafert and Bollinger (8), being sufficient to produce 
a marked change in the oxidation going on in the soil. 

Fraps (16) found that the number of nitrifying organisms in a soil 
varies with the moisture and that their activity was periodic, rapid nitri- 
fication being preceded and followed by periods of less activity. Later 
he (17) found nitrification to be at its height in soil containing 55.6 per 
cent of its water capacity. Excessive quantities of water practically — 
stopped nitrification and was much more injurious than too small a 
quantity. The water requirements, however, varied considerably with 
the soil. 
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Coleman’s (7) work with a loam soil showed nitrification to be most 
active when the soil contained 16 per cent of water. It was greatly 
retarded when the water content was reduced to 10 per cent or increased 
to 26 per cent. Not only nitrification but ammonification is dependent 
upon the moisture content of the soil. However, Lipman and Brown 
(31) found ammonification in a loam soil increased with increased water 
content even up to 35 per cent of the weight of the soil; but nitrification 
was most active in the same soil with a moisture content of 15 per cent, 
was only slightly less active with 10 per cent of moisture, and was still 
quite marked when the soil contained only 5 per cent of moisture. 
However, later Lipman, Brown, and Owen (32) found ammonification to 
increase as the water added increased up to a certain percentage, which 
varied with the physical nature of the soil; but larger quantities of water 
reduced the ammonia recovered. Moreover, the work clearly demon- 
strates that the optimum moisture content for maximum ammonification 
is higher than it is for maximum nitrification. 

Engberding (15) considered that the moisture content of a soil had a 
greater influence on numbers than did temperature; and the work of 
King and Doryland (30) clearly indicates that excessive soil moisture 
reduces both the number and activity of soil bacteria. 

Patterson and Scott’s (43) work is interesting in that they found 
nitrification to be inactive in sand and clay soils which still contained 
about three times as much moisture as in their average air-dry con- 
dition. At the lower limits of moisture less water starts nitrification in 
sand than in clay. At the higher limits of moisture less water stops 
nitrification in sand than in clay, while the optimum amount of water 
probably varies for each soil; it is higher for clay, yet for both soils it lies 
within the range of from 14 to 18 per cent. A rise above the optimum 
amount of water is more harmful than an equal fall below it. 

The work of the Utah Experiment Station (56) demonstrated that the 
application of irrigation water to a soil has a distinct beneficial effect 
upon nitrification, being greatest where 15 inches of water were applied 
when the nitric nitrogen formed amounted to 28.5 pounds per acre-foot 
of soil. The greatest benefit per inch of water, however, was obtained 
where only 7.5 inches of water were applied, resulting in 3.8 pounds of 
nitric nitrogen per inch of water, while where 15 inches of water was 
applied it was 1.1 pounds of nitric nitrogen per inch of water applied, and 
when 25 inches of water was applied to the soil the nitric nitrogen pro- 
duced was only 0.7 pound. 

Miinter and Robson (4) found that horn meal decomposed more rapidly 
in dry sandy soil than in clay or loam, while with higher moisture content 
there was little difference. Ammonium sulphate transformation in- 
creased with a higher water content. The best nitrate formation from 
horn meal occurred in sandy soils. In clay and loam it was best with a 
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medium water content. Sharp (52) found that the water content most 
favorable for ammonification was not the optimum condition for nitri- 
fication. The former was most rapid with a 25 per cent water content 
and was not markedly affected by 3 per cent differences. Nitrification 
was at its maximum when the soil contained 19 per cent of water. When 
it was increased to 25 per cent, the rate of nitrification was decreased 
50 per cent. 

McBeth and Smith (38) found a slight variation in the number and 
nitrifying powers of soil, depending upon the moisture content. How- 
ever, Gainey (18) considers that among the factors controlling the bacterial 
activity of a soil the available moisture probably plays a leading part. 
But we (22) have reported results which indicate that the nitrous nitrogen 
content of a soil is independent of the irrigation water applied up to 37.5 
inches a year. Results recently published from the Utah Experiment 
Station (21) clearly demonstrate that the influence exerted by water 
upon ammonifying, nitrifying, and nitrogen-fixing activities of the soil 
varies greatly with the organic matter in the soil and is much more 
marked in effect on soils recently manured than on those which have 
received no manure. 

From the literature cited it may be seen that the number of bacteria 
in a soil and the ammonifying and nitrifying powers of the soil are func- 
tions of the moisture content of the soil, and that the optimum varies 
with the physical and possibly the chemical properties of the soil. But 
in all soil, to obtain the maximum count and ammonification, the mois- 
ture content should be about 6 per cent higher than to obtain maximum 
nitrification. While the optimum for nitrification varies with different 
soils, the average would seem to be between 18 and 20 per cent of 


moisture. 
INFLUENCE OF CROP 


Even as early as 1855 the work at Rothamsted (48) had demonstrated 
that the beneficial effects of fallowing lies in the increase brought about 
in the available nitrogen compounds of the soil. Dehérain and De- 
moussy’s (14) work indicated that there is a larger production of nitrates 
in fallow than in cropped soils, and Pfeiffer (44) considers fallowing an 
extreme form of soil robbery, for he found that it promotes the activity 
of the soil organisms and, hence, hastens the exhaustion of the nitrogen 
supply. But, as it is so clearly pointed out by Warington (63), these 
results may not hold in a dry climate or during dry seasons; for here 
bare fallow may not necessitate this loss, and much is to be gained by its 
practice. But it must always be borne in mind that, if there be sufficient 
moisture, the loss may be great. For instance, Schneidewind, Meyer, 
and Miinter (51) record a loss in fallow plots of 85.5 pounds per acre, 
which even exceeded the nitrogen removed by the growing plant on the 
cropped soil. 
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On the other hand, McBeth and Smith (38) claim that plots con- 
tinuously cropped to alfalfa, potatoes, oats, and corn all show a higher 
nitrifying power than do corresponding fallow plots and that the stimu- 
lating effect of crop production on the nitrifying power of a soil is most 
marked in alfalfa soil. This is in keeping with the recent findings of 
Vel’bel (60), but is contrary to the findings of many other investigators; 
for Heinze (24) found fallow to increase the pectin, cellulose, and humus 
fermenters and also the ammonifiers, nitrifiers, and Azotobacter. Rus- 
sel (48) finds that in late summer fallow land is richer in nitrates than 
cropped, even after allowing for the nitrogen taken up by the crop; 
and Heinze shows that repeated cultivation of fallow soil increases the 
number of organisms in the soil, while Hiltner (25) maintains that no 
nitrification occurs in soils where legumes are growing vigorously and 
fixing large quantities of nitrogen. This latter view, however, is the 
extreme, as is shown by much of the literature on the subject. 

Vel’bel and Winkler (61) found that fallow not only increased the 
assimilable nitrogen but also the available phosphoric acid of the soil 
and that the increased yield of wheat after fallow is due to these factors. 
But Bychikhin and Skalski (5) point out that fall fallow is even more 
wasteful of soil nitrates than is summer fallow, for here the excessive 
rains wash the soluble nitrates from the soil as fast as formed. The 
cultivating of fallow further increases the nitrate content, as was shown 
by Richardson (47). Not only nitrification but all the bacterial activities 
of a soil are increased by fallow, as may be seen from the following table 
from the work of the senior author (20) of this paper. 


TABLE I.—Average bacterial content and activity of soil with various crops 





Mem. of Mem. nitric 
Colonies. NH3 nitrogen 
formed. | formed. 





Virgin soil 2. 270 | 
RMR, ctas cy eadirm tc ant ieeusk ek 4. 840 | 
Alfalfa soil 3. QII 

Fallow soil, potato fallow, etc 3. 980 








The results reported under milligrams of nitrogen fixed indicate that 
in an arid soil the increased nitrogen fixation in a fallow soil more than 
offsets the loss of nitrates, even though rapidly formed, for little, if any, 
would be lost in the drainage waters. These results have recently been 
confirmed by Reed and Williams (46). Moreover, the number of organ- 
isms in the soil and the rapidity of the bacterial activity within the same 
is going to vary greatly with the thoroughness and time of cultivation, 
as shown by Dehérain (11), Neish (42), King and Whitson (29), Chester 
(6), and Quiroga (45), while the number and activity of the organisms 
in the soil may in a degree determine the speed with which the water 
evaporates from a soil (57). 





298 Journal of Agricultural Research Vol. IX, No. 9 





The work at the Rothamsted station (63) early demonstrated that the 
nitrates in the drainage water from the various plots varied greatly, 
depending upon the crop growing upon the soil, thus indicating a rela- 
tionship between the available nitrogen in a soil and the crop growing 
upon the soil; since that time many experimenters have confirmed this 
conclusion. Furthermore, King and Whitson (28) found 22 per cent 
more nitrogen developed from soil after clover than from soil after corn, 
and 13 per cent more than after oats. Later work by them (29) showed 
that there are greater quantities of nitrates throughout the entire season 
in soil under corn or potatoes than in soil under clover and oats. Stewart 
and Greaves .(54) found that different plants show a marked difference 
in their demands upon the nitrate content of the soil, there being a 
steady decrease in the concentration of the nitrate content of potato 
and corn lands as the season progressed, while that of fallow and alfalfa 
remained practically constant, the nitrate content of the latter being 
uniformly low throughout the season. According to Lyon and Bizzell 
(33), soil that had produced alfalfa for five years was higher in nitrates 
than soil that had grown timothy during the same period. Furthermore, 
the former nitrified ammonium sulphate more readily than did the latter. 

Brown (3) found that the rotation of crops caused an increase in 
number of organisms in a soil, also greater ammonifying, nitrifying, 
and nitrogen-fixing powers than continuous cropping to either corn or 
clover. Furthermore, the crop on the soil at time of sampling was of 
more importance from the bacterial standpoint than the previous crop. 
However, the preceding crop has a marked effect upon the nitrate con- 
tent of the soil, as is seen from the work of Lyon and Bizzell (35), where 
plots that had been planted to certain crops were kept bare of vegeta- 
tion in the early part of the growing season of 1911. Nitrate deter- 
minations of the soil were made and the nitrate present showed a dis- 
tinct and characteristic relationship to the nitrate content found under 
the several varieties of plants previously grown upon the soil. Later they 
(36) showed that alfalfa soil nitrified more rapidly than timothy soil, 
both in the soil on which the crops had been grown continuously and 
in that from which they had been removed and the soil kept bare for 
two seasons. However, one of us (20) has shown that the nitrifying 
powers of alfalfa soil, while slightly higher than that of virgin soil, is 
very low when compared with either wheat or potato and fallow soil. 
Furthermore, the extensive work which has already been published from 
the Utah Experiment Station (54) demonstrates that there is a very pro- 
nounced relationship between the crop growing upon a soil and its nitrate 
content. However, in this work the nitrate content.of the alfalfa and 
oat soil is very low, while that of corn, potatoes, and fallow is higher. 
Lyon and Bizzell (37) in 1913 reviewed the work of other investigators 
and summarized their own work on the influence of higher plants on 
the formation of nitrates in the soil. From this they conclude that, 
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aside from the influence of cultivation, the source of greatest difference 
in the nitrates under various crops may be sought in the inherent differ- 
ences in the plants of different species in their stimulating and inhibiting 
influence on the production of nitrates, as well as in their relative rates, 
amounts, and forms of nitrogen absorbed. Changes in the moisture 
content and temperature of the soil after early summer had no important 
effect on the nitrogen content of the soil under plants. On the uncropped 
soil an increase in moisture content was sometimes accompanied by an 
increase in nitrates and sometimes by a decrease. But, as pointed out 
by Kellerman and Wright (27), there may be a variation with different 
soils. But even the species of organisms found within the soil is con- 
trolled to a degree by the crop growing on the soil, as indicated by the 
work of Stoklasa and Vitek (58). 


INFLUENCE OF SEASON 


The season of the year has a marked influence upon the bacterial 
activities of the soil, but it is not necessarily correlated with the nitrate 
content of the soil. Schloesing (50) found the nitrates in the drain 
water from both manured and unmanured soil high in spring, as com- 
pared with midsummer, fall, or winter, thus confirming the results ob- 
tained at the Rothamsted station. Shutt (53) reports nearly five times 
the quantity of nitrates in fallow and cropped soil during June as dur- 
ing November. He does, however, find more during June than during 
May. The exact season of the year at which the maximum nitrate 
content is reached will vary with a number of factors, chief amongst 
which is the kind of crop growing on the soil, for King and Whitson (29) 
found that the nitrates in‘ the surface foot start in the spring compara- 
tively low and increase rapidly until June 1 on clover and oat ground 
and until July on corn and potato ground. From these dates they fall 
more or less rapidly, and the work at the Utah Station (56) demonstrates 
conclusively that there is a seasonal variation depending upon tempera- 
ture, crop, and quantity of irrigation water applied to the soil. 
Moreover, André (1) has shown that the insoluble nitrogenous com- 
pounds of the surface soil are largely transformed into soluble com- 
pounds during the summer, and these are widely diffused through the 
deeper layers of soil during the winter, so that in the spring the lower 
layers of soil contain more soluble nitrogen than the surface soil. At 
the end of summer, however, the distribution is quite uniform. This 
finding has been amply verified by the results reported by Stewart and 
Greaves (56),Vel’bel (59), Jensen (26), and Lyon and Bizzell (34). These 
results will vary, however, with different soils, as shown by Russel (49), 
who reports the fluctuations in nitrates more marked on loams than on 
clay or sands; moreover, he found the bacterial activities much greater 
in early summer than later. 
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Moll (40) even goes so far as to claim from his work that the season of 
the year is the principal factor in determining the biochemical transforma- 
tion in a soil, and Heinze (24) found that the number of organisms in a 
soil was highest in the summer months and lowest in the fall and spring. 
As already pointed out, the highest nitrifying power of a soil is not 
necessarily correlated with the highest nitrate content. The latter is 
highest in spring or early summer, while Vogel (62) found the former 
to be highest in October and November, after which there was a falling 
off until April, when it rose again, but not so high as in autumn. This 
corresponds fairly with the findings of Green (23) for the ammonifying 
powers of the soil. These findings, however, are contrary to those of 
Wojtkiewicz (66), who found the maximum number of organisms to 
occur in soil during the spring and the minimum in the winter. He also 
notes a correlation between the bacteria present and the amount of 
nitrates in the soil. 

Inasmuch as we have taken no samples while the soil was frozen, no 
attempt has been made to review the literature dealing with this very 
interesting phase of the subject. 


EXPERIMENTAL WORK 
NATURE OF THE EXPERIMENTAL FIELD 


The investigations were conducted on the Greenville farm, belonging to 


the Utah Experiment Station, which is located 2 miles north of the 
college farm. ‘The soil of the farm is of a sedimentary nature, being 
derived from the weathering of the mountain range near by, which con- 
sists largely of limestone, quartzite, and dolomite. At the time of Lake 
Bonneville (19) the mountain streams poured their waters, loaded 
with the weatherings of these rocks, in the various stages of subdivision 
(gravel, sand, and silt) into the still waters of the lake. When the 
swiftly running water of the stream met the quiet water of the lake, the 
stream began to deposit its load. The gravel and coarser material 
being deposited first, gave rise to the well-defined deltas found at the 
mouths of all the larger streams. One of the best defined deltas is 
that on which the old college farm is located. The fine material, con- 
sisting mainly of fine sand, silt, and clay, was carried out farther into the 
lake, where it was gradually deposited. It is of this sedimentary material 
that the Greenville farm is composed. 

At the beginning of the investigation a soil survey was made of the 
farm in the following manner: Samples of soil were taken in foot sec- 
tions from each plot, the corresponding foot sections of these samples were 
thoroughly mixed and taken to the chemical laboratory, where they were 
subjected to chemical and physical analyses. 

Table II gives the chemical composition of the soil to the depth of 8 
feet. The method of analysis followed was that advocated’ by the 
Association of Official Agricultural Chemists (65). 
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TABLE II.—Chemical composition of the soil of the Greenville (Utah) farm 





Depth of soil. 
Constituent. 





. | 4th foot. | sth foot.| 6th foot. | 7th foot. 8th foot. 


: en 


Insoluble residue... .. : . 40. 90 ; 28. 38 | 29.22 | 30.57 
Soluble silica . 84 ‘ -75 34 42 - $7 














. 5 41. 65 | 28.72 | 29. 64 | 31.14 
Potash (K,0) } . 89 ‘ . 82 Or} «74 -79 
Soda (Na,O).......... ; : . 62 -37 | 42 45 
Lime (CaO) : x . 60 ; 23. 15 .2I 
Magnesia (MgO). .... . : . 48 ’ 5. 89 . 
Iron oxide (Fe,0,)... ’ : 95 , 2. 42 
Alumina (A1,0;) 5. 64 ; . 9 
Phosphoric acid 
.41 ‘ , -19 
19. 83 ‘ . 88 
5. 60 . 23 

















100. 69 . 51 | QO. 








~$3 | 3.00 61} .47| 1.13 
+396: « F371. -375 |. .092 

















An examination of Table II will show that we have here a soil, like all 
of our Utah soils, exceptionally rich in the essential plant foods. The 
potassium is equally as high in the eighth and intermediate feet as in the 
first foot. The phosphoric acid is high in the first foot but gradually 
decreases in each succeeding foot. The humus and nitrogen, as is char- 
acteristic of the soils of arid America, are low. One of the most important 
considerations, however, from the viewpoint of this investigation, is the 
fact that the calcium and magnesium carbonate content of the soil is 
exceptionally high. In fact, the results indicate that 43 per cent of the 
surface foot of soil is calcium and magnesium carbonate and that the 
amount increases with depth to the fifth foot, after which the magnesium 
content is practically the same as in the first foot, while the calcium car- 
bonate also increases with depth to a maximum in the fifth foot and then 
remains practically constant. 

From the work of previous investigators on the magnesia content of 
soils one would conclude that the soil would be sterile, but just the con- 
trary is true—the soil is remarkably fertile and produces excellent crops 
even without the addition of barnyard manure. With the single excep- 
tion of its low humus content, the soil is ideally adapted both chemically 
and bacteriologically to support rapid bacterial action. 

Table III gives the physical composition of the soil of the Greenville 
farm. The results show the soil to be a good loam of remarkable uni- 
formity throughout the 8 feet. 





__ Journal of Agricultural Research Vol. IX, No. 9 





TABLE III. ee analysis of the soil val the Greenville seit 





Depth of soil. 








1st foot. . | 3d foot. | 4th foot. | sth foot. | 6th foot. | 7th foot. 





oe , 0.68 | 1.02] 0.09] 034] 0.47 
Medium sand 9. 63 ‘ 6.63 | 9-63 | 9.53] 9.48] 8.91 
Fine sand............] 30.04 - 54 | 29. 49 | 33.06 | 36.92 | 33.79 | 35. 34 
Comme giit............139 28 ; 32.62 | 28. 51 | 28. 65 ’ 31. 65 
Medium silt..........] 12. 30 , 10. 89 | 10.95 | 10. 46 " 9. 92 
Fine silt . 25 : 7.27 | 6.94] 4.85] 5. 5. 56 
Clay.. POTS TES fey ; 10; 13 | 7.52] 9.82 5 6. 52 
Moisture... . 60 , 341 5.46 -95 ‘ I, OF 
Soluble and lost. . .10 ok . 16 . 83 73 : I. 42 
Specific gravity . 67 E 80] 2.69] 2.76 ; 2: 71 
Apparent sp. gr.. 23 ; -30| 29 | 2.93 , I. 39 

ater-soluble salts. . . 06 , .14 16 . 08 ‘ ae 
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PLAN OF EXPERIMENT 


The experimental field was divided into 20 plots one-twenty-sixth of 
an acre in area. Each plot was leveled and banked up around edges, 
so that the water applied would distribute itself equally over the entire 
area of the plot. 

Leading to each series of plots were wooden lateral flumes, so arranged 
that the measured water could be accurately applied. The plan of the 
field and the distribution of the laterals are shown in figure 1. 

The field was divided into five equal sets of plots. The first set was 
left fallow, the second was planted to alfalfa, the third was planted to 
corn, the fourth was planted to potatoes, and the fifth was planted to 
oats. One of these sets received a maximum, one a medium, one a 
minimum application of water, and one set was unirrigated. The plots 
were sampled during the spring (about the middle of April), midsummer 
(about the last of July), and in the fall (the last of October or the first 
of November). The samples were analyzed for moisture, nitric nitrogen, 
number of bacteria developing on synthetic media, and the ammonifying 
and nitrifying powers. The irrigation and sampling were so arranged 
that results from the cropped irrigated plots could be compared with the 
unirrigated plot of the same series and also with the fallow plots receiv- 
ing a corresponding amount of irrigation water. 

The arrangement of the plots, crop growing upon each, and amount of 
water applied during the last nine years are indicated below: 

(a) ALFALFA: 
Plot 31G, 37.5 inches of water applied in five equal irrigations. 
Plot 32G, 25 inches of water applied in five equal irrigations. 
Plot 33G, 15 inches of water applied in five equal irrigations. 
Plot 34G, unirrigated. 

(6) PoraToks: 
Plot 35G, 37.5 inches of water applied in five equal irrigations. 
Plot 36G, 25 inches of water applied in five equal irrigations. 


Plot 37G, 15 inches of water applied in five equal irrigations. 
Plot 38G, unirrigated. 
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(c) FaLLow: 
Plot 39G, 37.5 inches of water applied in five equal irrigations. 
Plot 40G, 25 inches of water applied in five equal irrigations. 
Plot 41G, 15 inches of water applied in five equal irrigations. 
Plot 42G, unirrigated. 

(d) Oats: 
Plot 43G, 37.5 inches of water applied in five equal irrigations. 
Plot 44G, 25 inches of water applied in five equal irrigations. 
Plot 45G, 15 inches of water applied in five equal irrigations. 
Plot 46G, unirrigated. 
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(e) Corn: 


Plot 47G, 37.5 inches of water applied in five equal irrigations. 
Plot 48G, 25 inches of water applied in five equal irrigations. 
Plot 49G, 15 inches of water applied in five equal irrigations. 
Plot 50G, unirrigated. 

In the work it was desired to eliminate, as far as possible, all variable 
factors except crop and irrigation water. For this reason the depth of 
plowing, time of planting, cultivation, etc. were as nearly uniform as 
possible on all of the plots. 
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METHOD OF SAMPLING 


For the determination of nitric nitrogen samples of soil were taken in 
foot sections to a depth of 6 feet, by means of a King soil tube. Single 
samples were taken from as near the center of the plot as possible, care 
being taken that separate borings were at least 3 feet apart. The sam- 
ples thus obtained were taken to the chemical laboratory, where nitric 
nitrogen and moisture determinations were made immediately upon the 
samples. The results reported here, therefore, are all referred to 
moisture-free basis. 

For the bacteriological work all possible precautions were taken, when 
collecting the samples, against the contamination of one sample by 
another. The surface soil to a depth of half an inch was scraped off by 
means of a sterile spade. A hole 12 inches deep was dug, and a slice 
of soil to this depth was taken from the side of the hole and placed in 
a sterile mixing pan. This process was repeated from four or five places 
in the field, and then the contents of the pan was carefully mixed by 
means of a sterile spatula. From this composite sample a representa- 
tive portion, about 5 pounds of soil, was placed in a sterile ore sack and 
conveyed to the laboratory for analysis. 

Before each sampling, the spade, mixing pan, and spatula were all 
carefully sterilized by heat from a plumber’s torch, thus preventing 
the transfer of organisms from one soil to another. The samples were 
immediately transferred to the laboratory, partly air-dried in the dark, 
and then ground in a sterile mortar, all coarse rock being removed. 
The analysis was begun in all cases within 24 hours of the time of taking 
samples. 

METHODS OF ANALYSIS 


The soil extract for the determination of nitric nitrogen was obtained 
by means of the Pasteur-Chamberland filter. For rapid work a series of 
24 Pasteur-Chamberland filters was arranged together and connected 
to a tank of compressed air filled by means of an air pump run by a 4% 
horsepower electric motor. Fifty gm. portions of the soil were triturated 
in a mortar with 250 c. c. of distilled water, and 2 gm. of quicklime for 2 
minutes, allowed to settle 20 minutes, and then filtered through the 
Pasteur-Chamberland filter. By this method a clear, colorless filtrate 
was readily obtained. 

An aliquot portion (50 c. c.) was immediately measured into 100-c. c. 
beakers and evaporated to dryness on the electric hot plate. The residue 
was treated with 1 c. c. of phenol-disulphonic acid equally distributed over 
it, and then allowed to stand for 10 minutes. This solution was diluted 
with water and the excess of acid neutralized with dilute ammonia. 
The color produced was compared with that produced by a standard 
solution of potassium nitrate treated in the same manner. The quantity 
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of chlorids in the soil solution was not sufficient to affect the sensitiveness 
of the method (55). 
The number of organisms was determined by growing them on a 
modified synthetic agar having the following composition: 
1,000 c. c. of distilled water. 
10 gm. of dextrose. 
0.5 gm. of dipotassium phosphate (K,HPO,). 
0.2 gm. of magnesium sulphate (MgSO,). 
2 gm. of powdered agar per roo c. c. of media. 

After the samples of soil had been carefully mixed by shaking, 100 gm. 
were weighed on a sterile watch glass, using a small sterile spatula. 
This soil was transferred to 200 c. c. of sterile water and shaken for one 
minute, 1 c. c. of this suspension transferred to 99 c. c. of sterile water, 
and the dilution continued with 9 c. c. of sterile water. The plates were 
made so as to give a dilution of 1 to 20,000 and 1 to 200,000. They 
were incubated at 28° C. for four days and then counted. No attempt 
was made to differentiate between bacteria and molds, but all were listed 
together as total numbers of colonies. 

The ammonifying power of the soil was determined by weighing 100- 
gm. portions of the soil and 2 gm. of dried blood into sterile tumblers and 
covering them with petri dishes. The dried blood was thoroughly mixed 
with the soil by means of a sterile spatula and the water content made up 
to 18 per cent with sterile water. The samples were incubated at 28° to 
30° C. for four days and the ammonia determined by transferring to 
Kjeldahl flasks with 250 c. c. of distilled water, adding 2 gm. of mag- 
nesium oxid and distilling into N/ro sulphuric acid. The determinations 
were all made in duplicates and compared with sterile blanks. 

The nitrifying power of the soils was determined in tumblers like the 
ammonifying power, except that they were incubated for 21 days. The 
moisture content was made up weekly to the initial 18 per cent. 

At the end of the incubation period each soil was transferred with 250 
c. c. of distilled water to a 1-pint Mason fruit jar. Two gm. of powdered 
lime were added and the jar placed in the shaking machine for 10 minutes, 
after which it stood in the closed jar until clear. This never required 
over two hours. At the end of this time an aliquot part (100 c. c.) was 
measured into a flask and the nitrates determined by the aluminum 
reduction method (4). 

The soil on which the experiments were conducted is extremely fertile, 
as is shown by the fact that the soil has been cropped for 48 years without 
the addition of barnyard manure or commercial fertilizers, yet during 
the last 4 years it has yielded fair crops. This is shown in Table IV, 
which gives the average yearly yield in pounds per acre. From these 
yields and the average percentage of nitrogen in the crops under similar 
irrigated conditions (64) the average amount of nitrogen removed per 

- year has been calculated. 
82983°—17——3 
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TABLE 1V.—Average yield of dry matter and nitrogen from the experimental plots on 
Greenville farm 


[Expressed as pounds per acre] 





Alfalfa. | Potatoes. 





Water applied. 


Plot No. Hay. | Nitrogen. ¢ Tubers. 





10, 464 282. 5 1, 464 
9; 963 265.0 I, 540 
9,779 259-1 1,759 
6, 8 170. I 1,075 




















Oats. ‘ Corn. 





Water applied. 
Straw. ‘ in. Stover. | Nitrogen. 





43 | 2,273] 2,989 47 | 2 3, 316 
44.| 2,093 | 2, 581 . 48 995 | 3,332 
45 1, 885 1, 821 . 49 3, 605 
46| 1,560] 1,928 50 600 | 3,280 





























INFLUENCE OF WATER ON THE NITRIC NITROGEN OF THE SOIL 


The results obtained by a direct determination of the nitric nitrogen 
of the soil have been so arranged that the plots growing each specific 
crop but receiving different quantities of irrigation water are placed in 
the same table. This makes it possible to directly compare the plots 
receiving varying quantities—37.5, 25, and 15 inches of irrigation water— 
with each other and each of these in turn with the unirrigated plot. 
The results are reported as pounds per acre and are the average for three 
years. The plots were sampled in the spring (May 1), midsummer (Au- 
gust 1), and in the fall (November 28). 


I.—ALFALFA LAND 


There were four plots in this series, one receiving 37.5 inches of irrigation 
water, one 25 inches, one 15 inches, and one was unirrigated. ‘The aver- 
age results expressed as pounds per acre are given in Table V. 

During the spring and summer the nitric nitrogen is about uniformly 
distributed throughout the 6 feet of soil, but in the fall it has become 
concentrated in the surface 2 feet. The difference in the nitric-nitrogen 
content of the soil of the various plots between fall and spring is quite 
significant, for the plots which had received no irrigation water through- 
out the season are richer in nitric nitrogen in the spring than in the fall, 
while all of the irrigated plots are much richer in the fall than in the 
spring. This is likely due to the moist conditions of the irrigated plots 
in the fall, as the winter rains would carry the soluble constituents of 
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these plots to a greater depth than they would in the unirrigated. This 
conclusion is borne out by the results previously published by us (56). 
In this earlier work we took samples to a depth of 10 feet and found that 
there is no loss of nitric nitrogen from these plots during the winter 
months, thus showing that the nitric nitrogen is carried below the 6-foot 
_ TABLE V.—Nitric nitrogen in alfalfa land—Average for three years 


[Results expressed as pounds per acre] 








Depth of soil. 


| Water ap- 
Period. plied in five |}, —— 


1st foot.| 2d foot. | 3d foot. |4th foot.) sth foot.|6th foot. 





applications. 
| 


Inches. 
37-5 
25.0 
15.0 

None. 


10. 5 
11.90 
22.7 
44-9 


oon +> 
ooro 


16. 5 
12.6 
15.1 
19. 3 


37:5 
25.0 
15.0 
None. 


onus 


23. 4 
35-9 
32: § 
41.9 


25.0] 1 
15.0] 1 
None. | 1 





moo wo onthe 


9 
2. 
5: 
3- 
37-5 | & 
4. 
°. 
9. 


Of O 





























The results at first glance might be taken to indicate that the applica- 
tion of irrigation water to this soil has retarded nitrification, but it must 
be borne in mind that the nitrogen removed from the irrigated plots was 
much greater than that removed from the unirrigated plot. This nitro- 
gen must come either directly from the air through the intervention of 
lower organisms or from the soluble nitrates of the soil. The evidence 
is practically conclusive that the alfalfa plant feeds upon the latter as 
long as it is available and only turns to the atmospheric nitrogen when 
the soil supply has been reduced to a certain low minimum. 

The quantity of nitric nitrogen in the soil decreases as the quantity of 
water applied increases, and this is much more pronounced in the spring 
than it is in the summer or fall. But the influence of the irrigation water 
is quite noticeable throughout the year. The results as a whole clearly 
indicate that the nitric nitrogen of the alfalfa soil is low throughout the 
season, in spite of the fact that the alfalfa is capable of indirectly draw- 
ing upon the atmospheric nitrogen. The nitrogen found within the 
alfalfa removed from these plots comes from a number of sources—the 
atmospheric nitrogen, the nitrogen contained within the 6 feet of soil, 
and nitrogen from a depth greater than 6 feet. A comparison of these 
results with those reported where the soil was sampled to a depth of 10 
feet makes the conclusion practically certain that much nitric nitrogen 





308 Journal of Agricultural Research Vol. IX, No.9 





has been brought up from below 6 feet. It is also interesting to note 
that, while the total nitrogen disappearing from each plot bears a rela- 
tionship to the water applied, the quantity per inch of water is greatest 
where only 15 inches of water were applied. In fact, it is twice as great 
as where 37.5 inches of water are applied to the soil (Table VI). 


TABLE VI.—Summary of nitrogen transformations in alfalfa soil 


[Results expressed in pounds] 





Water applied. 





Character of nitrogen. 
fis 25 inches. | 15 inches, 





Nitrogen removed in crop 282.5 | 265 259. I 
Nitrogen in soil in spring 10. § II 22.7 
Nitrogen in soil in fall 23.4 35-9 32. 5 
Original soil nitrogen removed................+..| 12.9 | —24.9] —9.8 
Nitrogen formed during season 295-4 | 289.9] 268.9 
Excess of nitrogen formed during season in the 

irrigated plots 128.3 | 122.8] 101.8 
Excess per acre-inch of water..............0.000% 3-4 4.9 6.8 

















2.—POTATO LAND 


The plots in the series on potato land were four in number. One 


received 37.5 inches, one 25 inches, one 15 inches of irrigation water, 
while one was unirrigated. All other conditions of the plots were kept 
as nearly uniform as possible, so that any difference which is found to 
exist in the nitric nitrogen must be due to the variable factor—the water 
applied. The average results for the three years are given in Table VII. 


TABLE VII.—Nitric nitrogen in potato land—Average for three years 


[Results expressed as pounds per acre] 





{ 
Water ap- | Depth of soil. 
plied in 
Plot No. five applica- l 
tions. 1st foot.| 2d foot. | 3d foot. |4th foot.|sth foot. 6th foot. 











Inches. 
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25.0 
15.0 
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The nitric nitrogen in the surface foot of all these plots is very 
high during the spring and fall. In the summer they are high only 
in the plots which received 15 inches and no irrigation water, thus showing 
the effect of the water upon the soluble nitrates of the soil. In all of 
the irrigated plots the total nitric nitrogen found in the soil at the end 
of the season is practically the same asin the spring. But the unirrigated 
plot, between the fall and spring sampling, gains 94 pounds of nitric 
nitrogen. Now, if this be a correct measure of the nitric nitrogen pro- 
duced by the various plots during the winter and spring months, there 
must have been large quantities of the nitric nitrogen which was produced 
in the irrigated soil carried below 6 feet. It is not likely that the water 
content of the irrigated plots would have become sufficient to retard 
nitrification to this extent, although it may have been retarded to a 
degree by the lower temperature which would prevail in the heavily 
irrigated plots. But this would be far from sufficient to account for 
the excess quantity of nitrates found in the unirrigated soil. Much of 
this, therefore, must have disappeared in the drain waters. 

The influence of the irrigation water upon the nitric-nitrogen content 
of the soil is noticeable throughout the year, and the quantity present 
at any time decreases as the proportion of water applied to the soil 
increases. It is interesting to compare the total nitric nitrogen of the 
various plots in spring and fall with that removed by the crop under the 
various treatments (Table VIII). 


TABLE VIII.—Summary of nitrogen transformations in potato land 
[Results expressed in pounds] 





Water applied. 





Character of nitrogen. 


35 Pm 
inches. inches, 





Nitrogen removed in crop . 24.8 
Nitric nitrogen in soil in spring , 49-9 
Nitric nitrogen in soil in fall , 47:9 
Original nitric nitrogen removed from soil , 2.0 
Nitric nitrogen formed during season ‘ 22.8 
Excess of nitric nitrogen formed during season 

in irrigated soil ‘i 97: 
Excess per acre-inch of water applied . 3. 


8 
9 

















This gives the best results both for total quantity of water applied 
and quantity per inch of water where an application of 15 inches of 
water is used. Furthermore, these results indicate that one of two 
things must have occurred in these plots: Either the formation of nitric 
nitrogen has been increased to a greater extent than shown by these 
results by the irrigation water, or else the water has carried none to a 
greater depth than 6 feet. And all of our results have pointed strongly 





310 Journal of Agricultural Research Vol. IX, No.9 





to the conclusion that this latter assumption is not the correct one. 
Hence, the quantity which has been formed, due to the irrigation water, 
must be larger than is here indicated. The large quantity of nitric 
nitrogen which has disappeared from the unirrigated plot during the 
summer could not have been due to denitrification, for there was noth- 
ing in the conditions of this plot which would favor the denitrification, 
the quantity of organic matter present was low, and the aeration would 
be better than in the irrigated soil. The only conditions which could 
in any way favor it are larger quantities of nitrates present, and these 
may favor the rapid growth of other organisms. Furthermore, our re- 
sults show the existence of many more organisms in this unirrigated plot 
during the spring than there are in any of the other plots on which pota- 
toes were grown. Hence, the most reasonable explanation is that the 
nitrates disappeared because the bacterial flora of the soil had trans- 
formed them into proteins in their metabolic processes. 


3.-—OAT LAND 


There were four plots in this series and the water applied and method 
of application were the same as in the previous series. The average 
results for the three years are given in Table IX. 


TABLE IX.—Nitric nitrogen in oat land—Average for three years 


[Results expressed as pounds per acre] 





Depth of soil. 
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The nitric nitrogen in all of the oat plots is quite uniform during the 
spring, but by midsummer the large accumulations of the surface foot 
have disappeared. This may be due to the leaching out of the nitrates 
by the irrigation water, or the rapidly growing plant may have utilized 
it. Very likely it is due to the latter factor, for the loss is nearly uni- 
form from the irrigated and unirrigated plots. The only change which 





May 28,1917 Influence of Crop, Season, Water on Soil Bacteria 311 





we note in the fall is an accumulation of more nitrates in the surface 
feet. It is interesting to note that each plot gains considerable nitric 
nitrogen during the winter months. The gain is least in the plot which 
received 37.5 inches of water, but is quite uniform in each of the others. 

The summarized results of the nitrogen removed in the crop, together 
with the original nitric nitrogen present in the soil and the amount 
formed during the irrigation season, are recorded in Table X. 


TABLE X.—Summary of nitrogen transformations in oat land 


[Results expressed in pounds] 





| 
Water applied. 





Character of nitrogen. 


a 
inches, 








Nitrogen removed in crop “| & 71.7 
Nitrogen in soil in spring ‘ 33-4 
Nitrogen in soil in fall ‘ 20. 6 
Original soil nitrogen removed ’ 12.8 
Nitrogen formed during season : ’ 58.9 
Excess of nitric nitrogen in irrigated plots ’ , 13-7 
Excess per acre-inch of water . 88 ‘ -9I 

















From this it may be seen that the greatest quantity of nitric nitrogen 
was produced in the plot which received the greatest quantity of water, 
but the amount per acre-inch of water is slightly higher in the plot which 
received only 15 inches of water. The actual difference in the quantity 
of nitrogen produced in the various plots would be even greater than 
the figures herein represent them to be, for the tendency would be for 
the larger quantities of water to carry some of the nitric nitrogen below 
the sixth foot. It is important to note that the order of effectiveness 
was found by us to be practically the same as here reported when we 
sampled the plots to a depth of 10 feet; yet in this work they are more 
regular than in previously reported results. 


4.-—CORN LAND 


There were four plots in this series. One received 37.5 inches of water, 
one 25 inches, one 15 inches, and one was unirrigated. With the excep- 
tion of the amounts of water applied, the plots were all uniformly 
handled throughout the experiment. The average results for the three 
years are given in Table XI. 

The nitric nitrogen is high in the surface foot of all the plots in the 
spring. This is especially the case where only 15 inches or no irrigation 
water was applied, but in the summer it becomes very low. This is due 
mainly to the removal of the nitric nitrogen by the rapidly growing 
plant. The water, however, does play some part, for we find that the 
nitric nitrogen of the surface foot disappears more rapidly from the 
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irrigated plots than from the unirrigated plot. This difference is very 
marked if we compare the results obtained on the plot receiving 37.5 
inches of water, with the plot receiving no water for summer and fall. 
The quantity found in the surface foot of the unirrigated plot is about 
_the same in the fall as in the spring, while the irrigated contains less 
than half as much. 


TABLE XI.—Nitric nitrogen in corn land—Average fur three years 


[Results expressed as pounds per acre] 





Water ap- Depth of soil. 
plied (five 
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The total quantity found in the various plots in the spring is nearly 
the same as that found in them during the fall. A summarized inven- 
tory of the nitrogen removed by the crop, together with that formed in 
the various plots, is given in Table XII. Here we note a decrease in 
the nitrogen removed in the crop, as the water applied increases above 
15 inches. ‘This can be accounted for by the larger quantities of water 
washing the nitric nitrogen beyond the sphere of action of the roots, 
thus making the nitrogen the limiting factor. 


TABLE XII.—Summary of nitrogen transformations in corn land 


[Results expressed in pounds of nitric nitrogen per acre-inch] 





Water applied. 





Character of nitrogen. 
| 25 inches, | r5 inches. 





Nitrogen removed in crop , 69. 
Nitrogen in soil in spring : 17. 
Nitrogen in soil in fall ‘ 17. 
Original soil sae y ech gnsrh PEPE CENA 

Nitrogen formed during season 
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These results would lead us to believe that the quantity of nitric 
nitrogen formed during the season was much less where 37.5 inches of 
water were applied than where 25 inches, 15 inches, and no water was 
used. This is probably not correct, but in this plot much nitric nitrogen 
has been removed in the drain waters. This set of plots differs markedly 
from all others, in that no more nitric nitrogen is accounted for in the 
irrigated than in the nonirrigated soil. Nor do these results correspond 
with those previously published by us; however, the variation may be 
due to the difference in depth of sampling, for in previously reported 
results we have sampled to a depth of 10 feet, while here we have sampled 
to a depth of only 6. In this latter case, apparently, the total herein 
reported does not represent all the nitric nitrogen formed within the 
soil; but during the summer, where the heavier applications of irrigation 
water are made, much of the nitric nitrogen is carried below 6 feet. 


5:—FALLOW SOIL 


Four plots were kept fallow throughout the experiment. One of these 
received 37.5 inches of water, one 25 inches, one 15 inches, while one was 
unirrigated. With the exception of water applied, the plots were all 
treated the same. The summarized results for the three years, reported 
as pounds per acre, are given in Table XIII. 


TABLE XIII.—Nitric nitrogen in fallow land—average for three years 


(Results expressed as pounds per acre] 





Water ap- Depth of soil. 
plied (five 
applica- 

tions). 1st foot. 3d foot. |4th foot 
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The quantity of nitric nitrogen in the surface foot of all the plots is 
high in the spring but greatly decreases in the surface foot of all the 
irrigated plots in the summer. There is, however, a reconcentration of 
the nitric nitrogen in the surface during the fall. This is very pronounced 
in the case of the plot which did not receive irrigation water. The total 
quantity of nitric nitrogen in each specific plot is higher in the spring 
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than in the fall, thus showing a gain for the winter months and a loss 
for the summer months. This loss can not be due to the water applied, 
because it is most pronounced in the unirrigated plots and probably 
represents the quantity transferred into complex proteins by the bacteria. 
Taken as a whole, the results would tend to indicate that the irrigation 
water had decreased, instead of accelerating the formation of nitric 
nitrogen in these plots. When we take the average total amount of 
nitric nitrogen in all cropped and fallow plots receiving the same amount 
of irrigation water, we note a pronounced difference in the quantity of 
nitric nitrogen in the plots receiving varying quantities of water. These 
averages are given in Table XIV. 


TABLE XIV.—Average quantity of nitric nitrogen found in the plots receiving the various 
amounts of irrigation water 


[Results expressed as pounds] 





! 
Water applied (inches). Spring. Summer, Average. 





MER espns clashes vies Sigh Pele Canna enthuse | 31.8 26. 2 
| 34.0 32-5 

39-6 25.3 

9°. 7 46. 7 














The quantity of nitric nitrogen found within the surface 6 feet of 
soil decreases as the water applied increases. The difference is very 
noticeable in all of the plots in the spring. During the summer and fall 
all irrigated plots tend to reach a similar concentration of nitric nitrogen. 
But even then there is twice as much in the unirrigated as in the irrigated, 
and during the spring there is three times as much in the nonirrigated as 
in the plot receiving 37.5 inches of water. 

In previously reported work (56) we have shown that the application 
of irrigation water increases the quantity of nitric nitrogen actually 
formed within the soil; hence, the difference between that found within 
the irrigated and the unirrigated soils must represent the quantity removed 
by the crop plus that washed to a region below 6 feet in the soil. These 
results prove conclusively that this is no small quantity, especially when 
large quantities of water are applied to the soil. Hence, the excessive 
use of irrigation water is not only a waste but it decreases the yield upon 
a given soil; and this latter effect is due in all probability to the rapid 
removal of the soluble nitrates beyond the reach of the growing plant. 


INFLUENCE OF THE CROP ON THE NITROGEN OF THE SOIL 


The experiment was so planned that it would also give information 
on the influence of crop upon the nitric nitrogen of the soil. Therefore, 
the results have been rearranged so as to compare plots receiving the 
same quantity of water but growing different crops. In these the 
variable is the crop, while the water remains a constant. 
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PLOTS RECKIVING 37.5 INCHES OF IRRIGATION WATER 


In this series we have alfalfa, potato, oat, corn, and fallow plots, each 
receiving 37.5 inches of irrigation water, so that any difference noted 
in the nitric nitrogen of the soil must be due either directly or indirectly 
to the crop growing upon the same. The summarized results for the three 
years are given in Table XV. 

TABLE XV.—Nitric nitrogen in soil growing various crops and receiving 37.5 inches of 
irrigation water—Average for three years 


[Results expressed as pounds per acre] 





a 


Depth of soil. 





| 
34 foot. 4th foot.|sth wna wa foot.| 





| 
| 
1 | Total. 
| 
| 


_ 





“ e 
Mrowow 
Or HNO 
“ 
PSoen 
oovoon UaAbnRhWO 
_ 
PYPeno 
@ooOMnnuN NAW a 
mee mb 
2 Pp myo 
yon ph > 
“Qype 
nwt OF oonoo 


Aypyep 
POP ns 


COAn DH 
won eo Or OO 


Fallow............| 


te 8 go~ bP 
Wee, 


.| Alfalfa..... pha 
CORS. .. dso ia 
po 
JPN Sees 20.0% ural 








PPR PHP Hr Ps 

roo om 

nRHOO ND 

CYS OCVEnH 

oc Oo Om Por NO unn oOo 
oa 

oorhunda 


a 
WOKS HD 
ons Of 
Qwewnne 




















There is a marked difference in the quantity and distribution of the 
nitric nitrogen found in the soils growing the various crops. During the 
spring the nitric-nitrogen content of the surface feet of the alfalfa and 
corn land is comparatively low, while that of the oat, potato, and fallow 
soil is high. This is especially marked in the case of the last two, for 
here we find over one-half of the total existing within the 6 feet found 
within the first two. But in the summer the nitric nitrogen is carried 
to lower depths by the irrigation water, only to concentrate at the surface 
again during the fall. The total quantity of nitric nitrogen in the alfalfa, 
oat, and corn soil is low throughout the year, while the quantity in the 
potato and fallow is comparatively high. It is interesting to note that, 
in spite of the heavy drain which has been made upon the soil-growing 
crops, the nitric nitrogen in the soil during the fall is nearly the same as 
during the spring, while the fallow soil shows a loss of 14.4 pounds during 
summer. This is probably due to the water carrying the nitric nitrogen 
below 6 feet, and the results herein reported point strongly to the con- 
clusion that the continuous application of 37.5 inches of irrigation water 
to a soil yearly is going to result in the loss of considerable nitrogen from 
that soil. 
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If we assume that all of the nitrogen which is removed by the oats or 
corn is nitrified before removal and then compare these results with those 
obtained on the fallow soil, we find that the fallow soil is short 77 pounds 

‘of nitric nitrogen. This quantity minus the extra quantity formed, due 

to the stimulating action of the plant upon the nitrifying organisms, may 
be taken as the minimum quantity which is leached out of this plot 
during the season or converted into other forms by bacteria. The 
loss from leaching in the case of the cropped plots would be much lower, 
but even here the loss from leaching where excessive quantities of water 
are used is considerable. 


PLOTS RECEIVING 25 INCHES OF IRRIGATION WATER 


There were five plots in this series, so arranged that the cropped plots 
can be compared with each other, and these in turn with the fallow. 
Since the treatment which the plots in this series have received, such as 
plowing, cultivation, etc., has been as nearly uniform as possible, the 
variable is the crop. The marked difference, therefore, in the several 
plots must be due to the influence of the crop upon the movement and 
production of nitric nitrogen. The average results for the three years 
are given in Table XVI. 


TABLE XVI.—Nitric nitrogen in soil with various crops and receiving 25 inches of 
irrigation water—Average for three years 


[Results expressed in pounds per acre] 
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It may be seen that during the spring the nitric nitrogen of the alfalfa 
soil is very low, and the quantity present is about equally distributed 
throughout the 6 feet, while in the other plots the total quantity is much 
higher. Especially is this true in the potato and fallow soil, and we 
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find the greater part of it concentrated in the surface-foot sections. 
During the summer it is more evenly distributed throughout the 6 feet. 
The fallow gains considerable nitric nitrogen during the early summer, 
while each of the other soils shows a loss, which in the case of the oat 
soil is quite pronounced. Prior to the summer sampling it appears that 
the water applied has not been sufficient to carry much of the nitric 
nitrogen below the sixth foot, but during the time which elapsed between 
the summer and fall sampling there was a loss from the fallow soil, with 
a slight gain in each of the other soils. Moreover, these results, taken in 
connection with those previously published by us, where samples were 
taken to a depth of 10 feet, indicate that no small quantity of the nitric 
nitrogen is carried below the sixth-foot level. Hence, the continuous 
use of this quantity of water on these plots would result in an unneces- 
sary loss of nitric nitrogen from the soil. The fallow, potato, and corn 
land contains practically the same quantity of nitric nitrogen in the soil 
during the spring as during the fall, while the alfalfa and oats show a 
wide variation. 


PLOTS RECEIVING I5 INCHES OF IRRIGATION WATER 


Each of the plots in this series received 15 inches of irrigation water. 
The treatment of each plot was as nearly similar as compatible with the 
various crops growing upon them; hence, any difference in nitric nitro- 
gen noted should be due to the crops. The average summarized results 
for the three years are given in Table XVII. 


TABLE XVII.—Nitric nitrogen in soil with various crops and receiving 15 inches of irri- 
gation water—Average for three years 


[Results expressed as pounds per acre] 
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The quantity of nitric nitrogen found in the alfalfa and oat soil is low 
during the spring and it is quite evenly distributed throughout the 6 
feet, while the corn, potato, and fallow soil is exceptionally high in nitric 
nitrogen in the first foot. The total quantity of nitric nitregen in the 
potato and fallow soil throughout the season is higher than in the other 
plots, but in the case of the fallow there is a marked decrease in the total 
nitric nitrogen of the soil. This must be due to the action of bacteria 
in transforming the nitrates into protein material within the soil, because 
it is not likely that this quantity of water would be sufficient to carry 
the nitric nitrogen beyond the 6 feet. Furthermore, if we compare the 
nitrates found in the soil for the last three years with those for the 
previous eight years, we find that during the last three years the total 
quantity of nitric nitrogen in the 6 feet of soil is one-third lower than 
it was during the first period, showing a decrease in the nitric nitrogen 
of fallow soil.. Whether this can be due to a decrease in the total nitrogen 
of the soil or merely to a decrease in the nitrifying powers of the soil 
can not be answered with the data at hand. There is the possibility 
that in the presence of large quantities of nitrates there may be developed 
a strain of bacteria which would rapidly transform the ammonia and 
nitrates into protein material. It does not seem possible that any great 
quantity of the nitrogen could have disappeared through denitrification, 
for the soil is well aerated and the quantity, of organic matter present 
is extremely low. 


PLOTS RECEIVING NO IRRIGATION WATER 


All of the plots in this series were treated as nearly uniform as pos- 
sible. The oats and alfalfa plots were not cultivated. The plots were 
unirrigated, and the marked difference in the nitric nitrogen of the various 
plots is probably due to the crop factor. The average summarized 
results for the three years are given in Table XVIII. 

The nitric nitrogen of all the unirrigated plots is comparatively high 
in the spring, decreases in the summer, and increases in the fall. The 
greatest decrease occurs in those plots having the greatest accumulation 
of nitrates. In the potato plots the unaccounted-for nitrates amount 
to 82.6 pounds per acre, only slightly greater than in the fallow, which 
shows a loss of 71.2 pounds. The fact that this loss is so pronounced in 
the fallow soil shows that it is not due to the removal of the nitric nitro- 
gen by the growing plants. The fact that it is so rapidly regained dur- 
ing the winter months clearly indicates that it is not due to water remov- 
ing the soluble nitrates; nor is it due to denitrification, for these plots 
are as high in total nitrogen as are others which have not shown this 
seasonal loss of nitrates. The probable explanation of the phenomena 
which we have so continuously observed in these plots is the following. 
The accumulation of large quantities of nitrates in the soil depresses to 
a degree the speed with which the nitrifying organisms act, but it increases 
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the speed with which the protein-forming organisms work. Further 
more, while the increased temperature of summer increases the activity 
of both classes of organisms, the speed of the latter is accelerated to a 
much greater extent by heat than is the speed of the former. More- 
over, both classes of organisms are sensitive to cold, but it would appear 
that those which bring about synthetic reactions are much more sensi- 
. tive than are those which bring about the analytic change. We there- 
fore have an accumulation of nitrates during the cold seasons and a dis- 
appearance during the warmer months of the year. These facts would be 
in keeping with the findings of Conn, Brown, and others who have 
noticed that cold increases the nitrifying powers of the soil. 
TABLE XVIII.—Nitric nitrogen in soil with various crops and receiving no irrigation 
water—A verage for three years 
[Results expressed as pounds per acre) 
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If we average the nitric nitrogen in the plots growing the various 
crops, we find a marked difference in the quantity found in the various 
plots (Table XIX). 


TABLE XIX.—Average nitric nitrogen in the plots growing various crops 
[Results expressed as pounds per acre] 





Time of sampling. 





Summer. 





15.8 
14.1 
18.9 
60. 8 
53-6 
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Here we find a much smaller quantity of nitric nitrogen in all the 
plots during the summer than during either spring or fall; and with one 
exception, the alfalfa, it is lower in the fall than in the spring. During 
the summer months we find the alfalfa and oats much closer feeders on 
the nitric nitrogen of the soil than are the other plants. However, the 
average quantity of nitric nitrogen found in the 6 feet of soil for the 
season on the alfalfa, oat, and corn soil is nearly the same in each case. 
This appears to contradict the conclusions previously reached by us; 
but it must be borne in mind that in the previous work our samples 
were taken to a depth of 10 feet, and a comparison of the two sets of 
results indicates that the alfalfa and oats, besides being closer feeders 
upon nitric nitrogen, feed to a greater depth than do the other crops. 
Furthermore, it makes it very certain that in a study of the nitric nitro- 
gen of a soil, such as used in these experiments, samples must be taken 
to a great depth; otherwise erroneous conclusions will be drawn from 
the results obtained. 

It is interesting to note that throughout the season there is over twice 
the nitric nitrogen in the potato and fallow soil than in any of the other 
soils, and even these plots show a decrease in nitric nitrogen during 
summer and fall. There is a slight difference in favor of the fallow plots 
in the fall, but in the spring the quantity in both sets is the same. 


COMPOSITION OF THE SOIL SOLUTION 


Moisture determinations were made on each soil at time of sampling 
so the results could be calculated to a dry basis. From the results 
obtained for nitric nitrogen and soil moisture, it is possible to calculate 
the concentration of the soil solution. While this has been done for each 
individual plot, only the summarized results are reported in Tables XX 
and XXI, and they represent the average for all the determinations 
covering these years. 


TABLE XX.—Concentration of the soil solution growing various crops 


[Results reported as nitric nitrogen parts per million of soil solution] 








Second Third Fourth Fifth 
foot. foot. foot. foot. 4 Average. 





8. 87 
8. 92 
8. 03 
23. 28 
22. 38 























It is interesting to note the great difference between the concentration 
of the soil solution of the alfalfa and potato soils. The average concen- 
tration of the alfalfa, oat, and corn land is about the same, while the 
potato and fallow is the same. However, there is a slight difference in 
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the concentration of the surface foot in favor of the potato soil. But 
these results show conclusively that the soil solution is influenced to a 
depth of at least 6 feet by the crop grown upon it. 
TABLE XXI.—Concentration of the soil solution where various quantities of water have 
been applied 
[Results reported as nitric nitrogen parts per million of soil solution] 





Average. 


Water applied (inches). | First le 


foot. ‘oot. 





10. 0 8.1 6.7 | 9. 5 
11.2 L 
28.0 25. 
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10. 4 4 10. 5 11.6 12.1 
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8.6 7.2 10. 9 
30.0 24.8 28. 5 




















The concentration of the soil solution varies with the quantity of 
water applied to the soil during the season. It is three times as con- 
centrated in the soil which received no irrigation water as in the soil 
which received 37.5 inches; but the difference is not great between the 
concentration of the heaviest irrigated soil and those which received 
much smaller quantities of water. 


INFLUENCE OF WATER ON THE NUMBER OF ORGANISMS AND ON THE 
AMMONIFYING AND NITRIFYING POWERS OF THE SOIL 


All of the plots which have been considered in the previous discussion 
were sampled, and bacteriological analyses made of the soils. The sam- 
ples for this work were taken on the same day in the spring, midsummer, 
and fall as were the samples for the direct chemical analyses. These, 
however, were taken to a depth of only 12 inches. Three individual 
determinations were made at each sampling during each season for the 
three years, so each result as reported, unless stated to the contrary, 
represents the average of nine or more analyses. Determinations were 
made of the number of organisms developing upon synthetic agar, the 
ammonifying powers, and the nitrifying powers of the soil. The results 
have been so arranged that we can compare the soil from each of the 
plots receiving the various quantities of water with each other and 
these in turn with the unirrigated. Furthermore, it is possible to com- 
pare directly the number of organisms, ammonia, and nitric nitrogen 
produced, as all are reported in the same table (Table XXII). 


ALFALFA 


There were four plots in the alfalfa series. These received varying 
quantities of water; otherwise, they were all treated alike. To one plot 
were applied 37.5 inches of water; to another, 25 inches; to a third, 15 
inches, while one was unirrigated. The average results for the three 
years are given in Table XXII. 

82983°—17——4 
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TABLE XXII.—Number of colonies of bacteria, milligrams of ammonia, and milligrams 
of nitric nitrogen from soil receiving varying amounts of water. Crop, alfalfa. Average 
for three years 


NUMBER OF COLONIES OF BACTERIA DEVELOPED IN 4 DAYS ON SYNTHETIC AGAR PER 
GRAM OF SOIL 





Water 


Plot No. applied. 


Sampled 
May 1. 


Sampled 
Aug. 1. 


Average. 





Inches. 
37-5 
25.0 
15.0 

None. 


6, 700, 000 
8, 933, 000 
9, 466, o00 
8, 133, 000 











6, 333, 000 


2, 800, 000 
4; 933, 000 
4 COO 
5, 667, 000 


5) 311, 000 
6, 977, 000 
6, 877, 000 
6, 711, 00O 











MILLIGRAMS OF AMMONIA PRODUCED IN ‘100 GM. OF SOIL IN 4 DAYS 
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SI. 2 
52.8 
52-7 
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42.2 
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35- 2 
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MILLIGRAMS OF NITRIC NITROGEN PRODUCED IN 100 GM. OF SOIL IN 21 DAYS 

















The number of organisms in this soil which develop on synthetic agar 
is greater in May than in August or November. In all the plots there 
was a gradual decrease from spring to fall. This difference is greatest 
in those plots which received the most water. The number of organisms 
is greatest in the soil which received no water and least in the soil which 
received 37.5 inches of water. In every instance during spring and fall 
the number of organisms decreases as the water applied increases; and 
the difference is so marked and regular that it seems safe to attribute 
it to the water applied. During the summer the difference in the num- 
ber of organisms in the various plots is not great; especially is this true 
in the irrigated plots. 

The ammonifying powers of all the soils are highest in spring and 
lowest in fall. The difference in the quantity of ammonia produced in 
the various soils is not great. But during the spring and summer the 
ammonifying powers of each soil decrease as the water applied increases. 
The difference is not regular in the fall; but from all the results it seems 
quite certain that the addition of irrigation water to alfalfa soil, such as 
used in this investigation, causes a decrease in the ammonifying powers 
of the same. 

The nitrifying powers of all the soils are higher in midsummer and lower 
in the fall and spring. This difference is very pronounced in the soil 
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receiving the greatest quantities of water. During the spring and sum- 
mer the nitrifying powers of the soil are quite regularly increased by the 
irrigation water. But apparently the water in the soil where the 37.5 
inches are being applied toward fall becomes sufficient to depress greatly 
its ammonifying powers. This, however, may be due to the continual 
washing of the nitrifying organisms to below 12 inches. 

There is a marked relationship between the number of organisms and 


the ammonifying powers of the soil, but the nitrifying powers show no 
relationship to either. 


POTATO LAND 


The plots in this series were each planted to potatoes, and all received 
the same cultivation and general treatment, with the exception of water 
applied, which varied from no irrigation to 37.5 inches per year. The 
average results for the three years are given in Table XXIII. 


TABLE XXIII.—Number of colonies of bacteria, milligrams of ammonia, and milligrams 


of nitric nitrogen from soil receiving varying amounts of water. Crop, potatoes. Aver- 
age for three years 


NUMBER OF COLONIES DEVELOPED IN 4 DAYS ON SYNTHETIC AGAR PER GRAM OF SOIL 

















pine, | Wate; | Sympled | Sumoled | gemotet | —aveae 
= j|—— | 
Inches. } 
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Molex Koel S dew ean 25-0} 5,666,000 | 7,000,000 | 4, 000, 000 5» 555, 000 
FT REE Tae ene o 15.0] 5,833,000] 5,067,000 | 4, 800, 000 5) 233, C00 
SO Ge yeas tas sand ania None. | 7,167,000 | 6,500,000 | 5,833,000} 6,500,000 
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MCiey RAN RAE MRS ee eG 37: § 50. 3 67.9 53-3 57-2 
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LR tes ae. | 15.0 51.2 57-4 38.7 49. I 
Poles cr ce eon ate | None. 56. 4 65.0 50. 6 
















. OF SOIL IN 21 DAYS 





ev entree ccutasnacas | ; 4.0 
Sree Cr ere ere , 4.3 


I. I 





The relationship between the water applied and the number of bacteria 
is not as well defined in the potato as in the alfalfa soil; but even in the 
potato plots the tendency is for the larger quantities of water to depress 
the number of bacteria. The number of organisms is slightly higher in 
the spring than in the fall, and the difference which is noted in the fall 
appears again in the spring. The number found in the summer is con- 
siderably higher than the number found in either fall or spring. The 
results as a whole indicate that the water has decreased the number of 
organisms in the first foot. 
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During the spring the ammonifying power of the soil which had 
received 25 inches of water is considerably higher than any of the others, 
while in the fall and summer the soil which received 37.5 inches of water 
is the greatest. The results collectively indicate that the irrigation 
water has increased the ammonifying powers of the potato soil. The 
ammonifying powers of all the plots are higher in summer than in either 
spring or fall. 

The nitrifying powers of the soil are much higher in summer than 
either fall or spring, and there is a relationship between the water ap- 
plied and the nitrifying powers of the soil. The water increases the nitri- 
fying powers of the soil. The highest results were obtained where 25 
inches of water were applied. 

For the potato land we note a decrease in the number of organisms as 
the water applied increases, but an increase in both ammonifying and 
nitrifying powers with increased water. So it would appear that the 
water has increased the physiological efficiency of the organisms without 
increasing the number. 

OAT LAND 

The oat plots received 37.5 inches, 25 inches, 15 inches, and no water. 
Otherwise they were all treated the same. The average results for the 
three years are given in Table XXIV. 

TABLE XXIV.—Number of colonies of bacteria, milligrams of ammonia, and milligrams 


w nitric nitrogen from soil receiving varying amounts of water. Crop, oats. Average 
or 3 years 


NUMBER OF COLONIES DEVELOPED IN 4 DAYS ON SYNTHETIC AGAR PER GRAM OF SOIP 





Water 


Plot No. applied. 


Sampled 
May r. 


Sampled 
Aug. 1. 


Sampled 
Nov. 28. 


Average. 





Inches. 
37-5 
25.0 
15.90 

None. 


6, 133, 000 
5) 700, 000 
6, 200, 000 
71 533) 000 





6, 000, 000 
4, 800, 000 
5» 133, 000 
5, 967, 000 


4; 133, 000 
2, 866, 000 
4, 400, 000 
6, 000, 000 


5, 422, 000 
4, 455, 000 
5» 244, 000 
6, 500, 000 





MILLIGRAMS OF AMMONIA PRODUCED IN 100-GM. OF SOIL IN 4 DAYS 





37-5 
25.0 
15.90 
None. 


69. 3 
56. 3 
55:4 
50. 2 





MILLIGRAMS OF NITRIC NITROGEN PRODUCED IN I00 GM. 


OF SOIL IN 


2I DAYS 





3 


I 
None. 


5 
-0 
.o 
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In every case the number of organisms is greater in the oat soil during 
the spring than in summer or fall, and with one exception they are greater 
in summer than in fall. While the difference is not as great nor as regular 
as might be desired, the tendency seems to be for the water to depress the 
number of organisms in oat soil. 

The ammonifying powers of the soil is higher in the summer than in 
the fall or spring, and there is a pronounced and regular difference between 
those receiving the various quantities of irrigation water in favor of those 
receiving the greatest quantity. While the difference is considerable 
throughout the season, it is more pronounced in the summer than at the 
time of taking the other samples. From an examination of the nitrifica- 
tion series one sees that this apparent increase in ammonia, due to water, 
may be caused in part by the depression of the nitrifying organisms, for 
the application of irrigation water to these soils has depressed the nitri- 
fying powers of the soil. This is quite pronounced at each season, and 
appears in the results for each specific year. Hence, it must be attributed 
to the water applied. 

CORN LAND 


The four corn plots in this series received 37.5 inches, 25 inches, 15 
inches, and no irrigation water. Otherwise, they were all handled the 


same. The average summarized results for the three years are given in 
Table XXV. 


TABLE XXV.—Number of colonies of bacteria, milligrams of ammonia, and milligram 
of nitric nitrogen from soil receiving varying amounts of water. Crop, corn. Average 
for 3 years 


NUMBER OF COLONIES DEVELOPED IN 4 DAYS ON SYNTHETIC AGAR PER GRAM OF SOIL, 





Water 


Sampled 
applied. 


May «. 


Sampled 


Aug. 1. Average. 





Inches. 


37-5 
25.0 
15.0 
None. 








6, 700, 000 
4, 600, 000 
5» 933) 000 











3s 333, 000 
3, 366, C00 
2, 967, C00 
4, 767, 000 





5, 633, 000 
4, 589, 000 
5) OLI, CCO 
4, II, 000 


MILLIGRAMS OF AMMONIA PRODUCED IN 100 GM. OF SOIL IN 4 DAYS 





37-5 
25.0 
15.0 
None. 


5° 5 
55.2 
5° 5 
55.2 


§2.1 
51.8 
S!-7 
53-0 





MILLIGRAMS OF NITRIC NITROGEN PRODUCED IN 100 GM. OF SOIL IN 21 DAYS 





37-5 
25.0 
15.0 

None. 
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The number of organisms in the corn soil is highest in summer and 
lowest in the fall. But during spring and fall there would appear to be 
no relationship between the water applied and number of organisms. 
However, in the summer there is a very pronounced difference in favor 
of the plots receiving the greatest quantity of water, and this regularity 
is found in each season’s results. 

The results obtained for ammonification are very irregular, but it 
is interesting to note that they in every case have almost a quantitative 
relationship to the results obtained with the potatoes. 

Nitrification is slightly higher in the summer than during either of 
the other seasons, and it would appear that the irrigation water had 
increased the nitrifying powers. 


FALLOW SOIL 


The fallow plots received the same quantity of water as the cropped 
plots and were plowed and handled the same. Any weeds which 
appeared during the summer were pulled. The average summarized 
results for the three years are given in Table XXVI. 


TABLE XXVI.—Number of colonies of bacteria, milligrams of ammonia, and milligrams 
of nitric nitrogen from soil receiving varying amounts of water. Crop, fallow. Aver- 
age for three years 


NUMBER OF COLONIES DEVELOPED IN 4 DAYS ON SYNTHETIC AGAR PER GRAM OF SOK, 


Sampled 


Water | 
May tr. 


Sampled 
applied. | 


Aug. 1. 


Sampled 


Plot No. Nov. 28. 


Average. 





Inches. | 


37-5 
25.0 

| 2260 
None. 


8, 266, 000 | 


3) 300, 000 
4, 867, 000 
3, 100, 000 





6, 933, 000 
3) 379, 000 
3) 967, 000 
3) 633, 000 





2, 200, 000 
3, 700, 000 
2, 533) 000 
1, 767, 000 





5, 800, 000 
3» 457; 000 
3, 789, 000 
2, 833,000 





MILLIGRAMS OF AMMONIA PRODUCED IN 100 GM, OF SOIL IN 





49. 
56. 
46. 


52. 


6r. 
67. 
6r. 
56. 8 


IN 21 DAYS. 
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The number of organisms in these plots is highest in spring and lowest 
in fall, and they show an increase due to the irrigation water used. The 
ammonifying powers are highest in summer and lowest in fall, and the 
water applied increases the ammonifying power and is greatest where 
25 inches are applied. The 37.5 inches, while they are better than none, 
depress the ammonifying powers when compared with 25 inches. 

It was thought likely that this decrease in the nitrifying powers and 
formation of nitric nitrogen in these plots with highest water content 
may be due to a difference in temperature. For this reason temperature 
determinations were made on the soil during September and October 
of one season. The determinations were made to a depth of 4 feet 
with soil thermometers placed in the ground and read twice daily, at 
8 a.m. and 5 p.m. The average results for the season are given in 
Table XXVII, expressed in degrees Fahrenheit. 


TABLE XXVII.—Average temperature (°F.) of the soil at different depths 





First foot. | Second foot. | ‘Third foot. | Fourth foot. 





49.9 
49.8 
47: 
48. 
SI. 
5I. 
52. 
52. 


Qt HON OW 




















This table shows that the temperature is about 2 degrees higher in the 
nonirrigated soil than in the soil receiving the greatest quantity of water; 
and the difference is about the same even in the fourth foot, which has 
a temperature about 6 degrees lower than the temperature of the 
surface soil. The temperature of the soil is only slightly different in 
morning and evening, but the difference extends to a depth of 4 feet. 

The nitrifying powers are highest in midsummer, at which time they 
are apparently increased by the irrigation water, but are depressed by 
the larger quantities in the fall. 

The results which we have considered indicate that the irrigation 
water applied has clearly depressed the number of organisms which 
develop upon synthetic agar in alfalfa, oats, and potato soil. The re- 
sults obtained for the corn are not regular, but there is a marked increase 
in the fallow. 

The ammonifying powers were increased in all of the soils except the 
alfalfa, and in this case there was a decrease. 

The nitrifying powers have been increased in every case except in the 
oat soil. The average results for the different water treatments are 
given in Table XXVIII. 
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TABLE XXVIII.—Average bacterial activities in soil with various water treatments 


NUMBER OF COLONIES OF BACTERIA 





Water applied (inches). Spring. Summer. Fall. Average. 





bb RST CE Ie Se, 6, 546, 000 | 7,600,000 | 3, 400, 000 5, 849, 000 
5; 640, 000 5, 606, 000 3: 773, 000 5 006, 000 
6, 260,000 | 5,173,000] 3,860, cco 5, 098, 000 
6, 206, 600 | 6,060,000} 4,807, 000 5, 691, 000 

















MILLIGRAMS OF AMMONIA PRODUCED IN 100 GM. OF SOIL 





AE eC NESE NE aCe the See 54.8] - . 46. 3 
DEE ances een saree 57-2 , 48.0 
Ee ee Ce 52.6 . 40. 9 
55:0 . 47-5 











MILLIGRAMS OF NITRIC NITROGEN PRODUCED IN 100 GM. OF SOIL 





BE Ree A aiid nawer saa Mace 











If we take all the results into consideration, it is clear that the irriga- 
tion water had increased all of the bacterial activities of the soil; but it 
will be noted that the numbers of organisms, the ammonifying powers, 
and nitrifying powers of all the plots are extremely low; and it would © 
appear that in all these plots the limiting factor is the organic matter. 
Had there been more organic matter present, the effect of the water 
would have been more pronounced, as it was found by one of us (21) in 
other experiments to be the case. 

Furthermore, the difference which actually exists in the bacterial 
activities must have been greater than is brought out. by these results, 
for during one season we made determinations of the number of organ- 
isms in the soil, and the ammonifying powers and the nitrifying powers 
of the soil both the day before irrigation and the day after irrigation. 
The results for the day before irrigation averaged one-fourth higher 
than did the results for the day after irrigation, thus clearly indi- 
cating that many of the organisms and the different species in about 
the same proportion had been carried below the first foot by the irriga- 
tion waters. This being the case, in order that an increase for the bac- 
terial activities for the season is obtained, the remaining organisms 
must have multiplied much faster, or their physiological efficiency have 
become much greater in the irrigated than in the unirrigated. There is 
the possibility that the organisms would rapidly be brought to the sur- 
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face again by the water, but we could not expect this to be as great for 
the bacteria as it is for the soluble nitrates, and it has been seen that, 
even in the case of these where the greater quantities of water were used, 
the nitrates never concentrate in the surface foot during the summer, 
the results showing a decrease in most plots, due to water. It is there- 
fore quite reasonable to expect that bacteria which developed upon 
synthetic agar would be carried down in about the same proportions as 
were the other organisms; hence, the increased bacterial activities noted 
must be due to an increased physiological efficiency of the organisms. 
Moreover, had samples been taken to a depth of 3 feet for the bacterio- 
logical analysis, we would have obtained just as pronounced an effect 
upon number of colonies of bacteria, ammonifying, and nitrifying powers 
of the soil as we have in the case of the nitrates, which is the summation 
effect noted in the 6 feet. 

During the first season determinations were made of the nitrogen- 
fixing powers of the soil, but during the succeeding years we were so 
crowded with other work that it became impossible to continue this 
phase of the work. While the results for one season are not sufficient to 
warrant their consideration in detail, the average results are of interest, 
as they show the best fixation where 15 inches of water were applied to 
the soil. The averages for the various treatments were as follows: 

37-5 inches of water...... 1.4 mgm. of nitrogen fixed in roo gm. of soil. 
25 inches of water........ 2.1 mgm. of nitrogen fixed in 100 gm. of soil. 


15 inches of water......... 8.5 mgm. of nitrogen fixed in 100 gm. of soil. 
pt RE eerrs 3-5 mgm. of nitrogen fixed in 100 gm. of soil. 


INFLUENCE OF CROP WITH THE DIFFERENT QUANTITIES OF WATER ON 
BACTERIAL ACTIVITIES 


The experiment was so planned that, besides giving information upon 
the influence of water upon the bacterial activities of the soil, it should 
‘ also give definite information upon the influence of crop on these same 
properties. This being the case, the results have been rearranged so 
that the crop is the variable and the quantity of water a constant. We 
can therefore compare the results from the alfalfa with the various 
quantities of water with those obtained where other crops receiving like 
amounts of water were grown, and each of these in turn can be compared 
with the fallow. 


PLOTS RECEIVING 37.5 INCHES OF IRRIGATION WATER 


In this series the alfalfa, oats, corn, potato, and fallow soil each 
received 37.5 inches of irrigation water. The average summarized 
results for the three years are given in Table XXIX. 

The number of organisms in the soil is greatest in the spring and least 
in the fall. During the spring the fallow has many more organisms than 
any of the cropped soils. During the summer the cropped and uncropped 
plots contain about the same number of organisms, while in the fall all 
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of the cropped plots contain a greater number of organisms than does 
the fallow, which would indicate that the limiting factor is more pro- 
nounced in its effect in fall on fallow soil than on cultivated soil. 


TABLE XXIX.—Number of colonies of bacteria, milligrams of ammonia, and milli- 
grams of nitric nitrogen from soil with various crops receiving 37.5 inches of irrigation 
water 


NUMBER OF COLONIES DEVELOPED IN 4 DAYS ON SYNTHETIC AGAR 





. led N: | 
Plot No. “rop. Sampled May 1./Sampled Aug. r. wes ov. | Average. 








6,700,000 | 6,433,000 | 2,800,000 | 5, 311, 000 
6, 133,000 | 6,000,000} 4, 133, 000 5) 422, 000 
6, 700, 000 | . 6,866,000 | 3, 333, 000 5, 633, 000 
4,933,000 | 5,766,000 | 4, 533, 000 5) 077, 000 

» 206, 000 6, 933, 000 2, 200, 000 | 5) 799, CCO 




















| | 
59. § 0 | 43.2 
56. 8 69. 3 | 49. 6 
5° § 59. 46. 7 
50. 3 07.9 | 53: 3 
66. 2 60. 4 | 49. 6 | 

| } 





MILLIGRAMS OF NITRIC NITROGEN PRODUCED IN 100 GM. OF SOIL IN 2I DAYS 





patisserie eancoas | Potatoes... 
ee erence ae | Fallow.... 





The ammonifying powers of the soils are higher in summer than either 
spring or fall, and they are much higher in the fallow than in any of the 
cropped soils, the alfalfa being the lowest. In the fall the difference is 
not as marked, but even here the potato soil is the only one which has 
higher ammonifying powers than has the fallow. We thus find a close 
relationship between numbers and ammonifying powers of the soil. 
With the nitrifying powers we find no such regularity. Here the highest 
results are obtained with the potatoes, with the alfalfa a close second. 
Moreover, these results, if they represent what actually occurs in field 
conditions, indicate that the alfalfa must be removing the nitrogen 
from the soil much more rapidly than any of the other crops, for our 
previous results have taught us that the alfalfa is a close feeder upon the 
soluble nitric nitrogen of the soil, and now we find alfalfa soil nitrifying 
the organic material to a greater extent than do the other soils. 

The low nitrifying powers of the oat soil is significant, as it indicates 
that the small quantities of nitric nitrogen found in this soil may be due 
in part to this factor. 
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PLOTS RECEIVING 25 INCHES OF IRRIGATION WATER 


The four cropped plots and one fallow plot were in this series, and each 
received 25 inches of irrigation water during the season. The summarized 
results are given in Table XXX. 


TABLE XXX.—Number of colonies of bacteria, milligrams of ammonia, and milligrams 
of nitric nitrogen from soil with various crops receiving a medium application of water 
(25 inches) 


NUMBER OF COLONIES DEVELOPED IN 4 DAYS ON SYNTHETIC AGAR 





Crop. ‘nie May 1./Sampled Aug. r.| ee Nov. Average. 
; 





Alfalfa | 8, 933,000 | 7,066,000 | 4,933, 000 6, 977, 000 
i eee 2, 866, c00 4, 477, 000 
Comt...0%:. 4, 589, 000 
Potatoes... ‘ 5, 555, 000 
Fallow. ... 3, 370, 000 3» 457, 000 











MILLIGRAMS OF AMMONIA PRODUCED IN I00 GM. OF SOIL IN 4 DAYS 





| Alfalfa : si. 39. 
COS. . a:04% , 56. 52. 
eee , 55: 44. 
Potatoes. . .| , 66. 48. 
Fallow... ; 80. 56. 


Aan ooo 





MILLIGRAMS OF NITRIC NITROGEN PRODUCED IN I00 GM. OF SOIL 





6 
7 
f 
8 
.0 | 

| 





The number of organisms in the alfalfa soil is very high during the 
spring and very low and uniform in the fallow throughout the year. The 
greatest difference in the plots is noted in the spring, the numbers being 
more nearly uniform during the summer; especially is this the case in the 
fall. 

A very marked difference is noted in the ammonifying powers of the 
soils in favor of the fallow. Naming the plots in the order of increasing 
efficiency, we have alfalfa, oats, corn, potatoes, and fallow, which is about 
the order they have been maintaining in each series. And the difference 
is very pronounced in favor of the fallow soil. But we find the nitrifying 
powers of the fallow soil very low. In this series during the season it is 
high in the potato soil. The alfalfa is high compared with any of the 
other soils, thus showing that alfalfa soil has a high nitrifying power 
when compared with oats, corn, or even fallow. 
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PLOTS RECEIVING I5 INCHES OF IRRIGATION WATER 


The treatments of these plots were, with the exception of the water 
applied (15 inches), the same as the previous series. The average 
results for the three years are given in Table XXXI. 


TABLE XXXI.—Number of colonies of bacteria, milligrams of ammonia, and milligrams 
of nitric nitrogen from soil with various crops receiving a minimum application of water 
(15 inches) 


NUMBER OF COLONIES DEVELOPED IN 4 DAYS ON SYNTHETIC AGAR 





Plot No. Crop. Sampled May 1.|Sampled Aug. 1. on Nov.| average. 


| 
| 
| 
| 








"6, 566,000 | 4,600,000) 6,877, 000 
5; 133,000 | 4, 400, 000 5) 244, 000 
6, 133,000 | 2,967,000 5, O11, 000 
5,067,000 | 4, 800, 000 5) 233, 000 
3,967,000 | 2,533,000] 3, 789, coo 














MILLIGRAMS OF AMMONIA PRODUCED IN I00 GM. OF SOIL IN 4 DAYS 





51.9 ; , 46. 6 
48.0 . , 49. 8 
50. 5 2 , si.9 
51.2 2 ' 49. I 
61. 5 ‘ , 61.6 











. 
MILLIGRAMS OF NITRIC NITROGEN PRODUCED IN 100 GM. OF SOIL IN 2I DAYS 





| 

Here, again, we find the greater number of organisms in the soil during 
the spring, with a great decrease during the fall. But the greatest num- 
ber of organisms are found in the alfalfa and the least in the fallow. 

The ammonifying powers of all the soils are highest in summer and 
lowest in fall. The fallow soil has a higher ammonifying efficiency than 
any of the others, which is the same as the order noted where the maximum 
quantity of water was applied to the soil. 

The nitrifying powers of the fallow soil are very low, and of the alfalfa 
soil high, thus bearing out the observation made for the previous series. 
The quantity of nitrates prodticed by the potato soil during the summer 
and fall is very high, and is probably due in a degree to the cultivation 
received by these plots. It appears in all of the potato plots and not in 
the corn plots, which were also cultivated; hence, it must be due in a 
measure to the crop. 
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UNIRRIGATED SERIES 


All of the crops which have appeared in the previous series, together 
with fallow, appear in the unirrigated series. The summarized results 
for the three years are given in Table XXXII. 


TABLE XXXII.—Number of colonies of bacteria, milligrams of ammonia, and milli- 
grams of nitric nitrogen from soil with various crops receiving no irrigation water 


NUMBER OF COLONIES DEVELOPING IN 4 DAYS ON SYNTHETIC AGAR 





[ 
Sampled May 1./Sampled Aug. 1. peer Nov. Average. 








8, 133,000 | 6,333,000 | 5,667, cco 6, 711, 000 
7) 533,000 | 5,967,000} 6,000, o00 | 6, 500, 000 
100,000 | 3,867,000 | 4,676,000 4,911,000 
7,167,000 | 6,500,000] 5,833,000 6, 500, 000 
3, 100,000 | 3,633,000] 1,767,000, 2,833,000 

















A PRODUCED IN 100 GM. OF SOIL IN 4 DAYS 





52.7 
50. 2 
57- 2 
65.0 
65.7 














The organisms are highest in the alfalfa and lowest in the fallow soil 
throughout the year. With the exception of spring and summer for the 
series which received the maximum quantity of water, the alfalfa soil has 
been much higher in bacteria than any of the other soils. And in most 
of the series the decrease in number from spring to fall is much more 
pronounced in the fallow than in any of the cropped soils, thus indicating 
that something develops in the failow soil during the summer which 
limits the number of organisms. However, it is not the water applied, 
for we find the decrease just as great in the unirrigated as in the irrigated 
soil. Furthermore, the results show conclusively that the crops have 
stimulated growth of organisms which will develop on synthetic agar. 
Considerable of this stimulation is produced by the plant residues which 
are left on the cropped soil but are missing from the fallow soil. 

The ammonia produced by this series is highest in the fallow and con- 
siderably lower in the oats and alfalfa plots. The quantity produced in 
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the potato soil is only slightly lower than the quantity produced in the 
fallow, while the corn shows a slight decrease below the potato soil. As 
has been the tendency throughout each series, the ammonifying powers 
decrease considerably in the fall, and this decrease is greater in the fallow - 
than in any of the cropped soils, 

Here for the first time the fallow soil has a higher nitrifying power 
than the alfalfa soil. This is due to the difference in moisture content 
of the soil, for the unirrigated alfalfa plot became very dry during the 
summer and fall, while the fallow remained moist throughout the year. 
The very high nitrifying power of the potato soil is shown again in this 
series, making it certain that this is not due to accident but is charac- 
teristic of the potato plot. 

The influence of crop upon the bacterial activities of the soil is empha- 
sized in the result given in Table XX XIII, in which we have the average 
from all the plots receiving the different amounts of water. 


TaBLE XXXIII.—Average bacterial activity of the soil as influenced by crop 


NUMBER OF BACTERIAL COLONIES DEVELOPING IN 4 DAYS ON SYNTHETIC AGAR 





Sampled 
May 1. | 


Sampled 
Aug. 1. 


Sampled 
Nov. 28. 


Average. 





| 
8, 308, 000 | 
6, 392, 000 | 
5, 833, 000 | 


5, 9OO, COCO 


6, 600, 000 
5, 492, 000 
5, 966, 000 
6, 083, C00 


4, §00, 000 
4, 349, 000 
3, 608, coo 
4, 792, 000 


6, 469, 000 
5) 411, 000 
5, 035, C0O 
5> 591, 000 


3, 969, 000 


4, 883, 000 


4, 475, 000 2, 550, 000 














MILLIGRAMS OF AMMONIA PRODUCED IN I00 GM. OF SOIL IN 4 DAYS 





5°-.9 
51-7 
52.8 
55: 2 
63.9 


5°. 7 
57-8 
58. 4 
64. 2 
73-0 











MILLIGRAMS OF NITRIC NITROGEN PRODUCED IN I00 GM. OF 


SOIL IN 2I DAYS 





3-15 
2. 40 
2.18 
3. 00 
I. 30 














The most marked characteristic of all these results is that they are 
extremely low when compared with the results obtained on other soils, 
thus showing that the limiting factor is organic matter. The number of 
organisms is highest in the alfalfa and lowest in the fallow; and, with the 
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single exception of potato plots in the summer, this same statement 
holds for the nitrifying powers of the soil. These results would appear 
to be absolutely contrary to the findings of Heinze (24), Russell (48), and 
others (5, 47), who have found fallow to increase not only the number but 
all the bacterial activities of the soil. But it must be remembered 
that these investigators were working with soil which was alternately 
fallowed and cropped, and on this there would be left plant residues, 
while we have been working with a soil which has been continually 
fallow for 12 years, the organic matter of which has. been reduced to a 
minimum. The results do, however, show the contentions of Hiltner 
to be unfounded, for the low nitrate content of alfalfa is due to the plant’s 
rapidly removing the nitrates as formed and not due to the lack of 
nitrifying powers in the alfalfa soil. 


COMPARISON OF BACTERIAL ACTIVITIES AND CROP PRODUCED ON SOIL 


It is interesting to compare the nitric nitrogen found in the soil and 
the nitrogen removed in the crop with the various bacterial activities. 
In order to make these results more comparable, the average nitric 
nitrogen and nitrous nitrogen in the soil, the nitrogen removed in the 
crop, the number of organisms developing on synthetic media, the 
ammonia and nitric nitrogen produced in the laboratory by the fallow 
soil and the unirrigated soil have been taken as 100 per cent, and each 
of the cropped and irrigated soils compared with these. The summarized 
results are given in Table XXXIV. 


TABLE XXXIV.—Comparison of bacterial activities and crop produced on soil 





- Nitric nitro-| Nitrous ni- | Bacterial | Ammonify-| Nitrifying | Nitrogen in 
Crop or treatment. gen in soil, |trogenin soil.| colonies. ing powers. powers. crop. 
| 





Per cent. Per cent. Per cent. Per cent. Percent. | Percent. 
100 100 100 
163 76 148 
136 85 103 
127 84 77 
141 go 261 


100 100 roo 
99 103 98 
95 96. 6 98 

115 93 104 98 145 























These data show that the crop has reduced the quantity of nitric nitrogen 
of the soil, but has increased the efficiency of the nitrifying bacteria, owing 
to the removal of the nitrate producer, while, on the contrary, oats and 
alfalfa have increased the nitrous-nitrogen content. That this is due to 
the compact nature of the soil is seen from the results, for the nitrous 
nitrogen increases as the aeration of the soil decreases and is very pro- 
nounced in the alfalfa. In the potato soil, which is cultivated, it is less than 
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in the fallow, which is not cultivated. The crop in every case increases 
the number of organisms, and this in direct relation to the plant residues 
left on the soil. However, we find the ammonifying powers varying in the 
opposite order. The nitrifying powers are increased by the alfalfa and 
potatoes. Hence, we can conclude that the alfalfa not only feeds closer 
upon the soluble nitrates of the soil but also makes a much greater drain 
upon the insoluble nitrogen of the soil by increasing its nitrifying powers. 
It therefore would deplete the soil if the entire crop be removed, more 
readily than would any of the other crops. 

The application of water has decreased the nitric nitrogen found in 
the 6 feet of surface soil, but has slightly increased the nitrous nitrogen 
of the soil, while the number of organisms remain about the same in all 
the soil except those receiving 37.5 inches of water, and in these the 
number decreases. The ammonifying powers of the soil are slightly 
increased by the water, while the nitrifying powers are very uniform. 
But this holds only for the fall, for during the spring we obtain the 
following results for nitrifying powers: 


No water 

15 inches of water 
25 inches of water 
37-5 inches of water 


The nitrogen removed in the crop increases, but not in the same pro- 
portion as does the ammonifying and nitrifying powers. Furthermore, 
we have a rapid decrease in the nitric nitrogen of the soil. Especially is 
this true where the larger quantities of water are applied. The results 
therefore indicate that the effect of the excessive use of irrigation is not 
only a waste but the yield of the crop is depressed, and the depressed 
yield is due to the water carrying the soluble nitrates beyond the sphere 
of action of the plant roots. Furthermore, it increases the ammonifying 
and nitrifying powers of the soil during the spring and summer, with the 
result that a greater quantity of soluble plant food produced is carried 
out by the drain waters, and the soil is to this extent needlessly depleted 


of its nitrogen. 
SUMMARY 


The quantity of nitric nitrogen in the surface 6 feet of alfalfa soil is 
comparatively low throughout the season, but is higher in the fall than 
in the spring or summer. The quantity present decreases as the water 
applied increases; yet the quantity formed in the soil increases as the 
water applied increases, but is greatest per acre-inch of water when only 
15 inches of water are applied. 

The quantity of nitric nitrogen in the surface 6 feet of potato, oats, 
corn, and fallow soil decreases as the water applied increases; but the 
quantity formed for each of the cropped soils is greatest where the largest 
quantity of water was applied. The quantity formed per acre-inch of 
water applied is greatest where only 15 inches of water were applied. 





May 28, 1917 Influence of Crop, Season, Water on Soil Bacteria 337 





Large quantities of nitric nitrogen disappeared from the fallow soil 
during the summer months. This is attributed to the growth of bacteria, 
which transforms it into protein substances and not to denitrification. 

The larger applications of irrigation, 37.5 and 25 inches of water, carry 
much of the nitric nitrogen beyond the sphere of action of the plant, 
and this accounts for the decrease in crop yield, which is often noted when 
excessive quantities of irrigation waters are applied to a soil. 

The application of water to a soil depresses the number of organisms 
which will develop upon synthetic agar in alfalfa, oats, and potato soil, 
but increases them in fallow. The results obtained with the corn are 
irregular. 

The ammonifying powers of all the soil, except the alfalfa, was increased 
by the application of irrigation water. 

Water increased the nitrifying powers of all the soils except the oat 
soil. 

There was a difference of 2 degrees Fahrenheit in the temperature of 
the soil of irrigated and unirrigated in favor of the unirrigated. This 
difference in temperature was perceptible to a depth of 4 feet. 

The number of organisms was higher in the cropped than in the fallow 
plots, and this is probably due to the plant residues left upon the cropped 
soil. 

Naming the soils in the order of increasing ammonifying powers, we 
have alfalfa, oats, corn, potato, and fallow. By naming them in the 
order of increasing nitrifying powers, they are fallow, corn, oats, alfalfa, 
and potato. 

The alfalfa not only feeds closer upon the nitric nitrogen of the soil 
than do other crops but it also increases the nitrifying powers of the soil. 
Hence, it would deplete the soil of its nitrogen more rapidly where the 
entire crop is removed than would other crops. 

The use of irrigation water increases the bacterial activities of the soil, 
which render soluble the nitrogen, and where excessive quantities of 
water are used considerable of this is washed from the soil, thus unneces- 
sarily depleting the soil of its nitrogen. This in turn gives diminished 


yields on the soil. 
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